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Description

[0001] This invention relates to fuel cells and, in par-
ticular, to detection of sulfur breakthrough in a desulfuriz-
er assembly used with such fuel cells.
[0002] A fuel cell is a device which directly converts
chemical energy stored in hydrocarbon fuel into electrical
energy by means of an electrochemical reaction. Gen-
erally, a fuel cell comprises an anode and a cathode sep-
arated by an electrolyte, which serves to conduct elec-
trically charged ions. Molten carbonate fuel cells operate
by passing a reactant fuel gas through the anode, while
oxidizing gas is passed through the cathode. In order to
produce a useful power level, a number of individual fuel
cells are stacked in series with an electrically conductive
separator plate between each cell.
[0003] Current fuel cell technology requires clean fuel
gas composed of hydrogen or a mixture of hydrogen,
methane, carbon dioxide and carbon monoxide, which
can be generated from hydrocarbon-containing feed-
stocks such as natural gas, propane, anaerobic digester
gas, petroleum-based liquids or coal through a reforming
process. Most hydrocarbon-containing feedstocks con-
tain sulfur, which causes reforming and anode catalyst
poisoning and is known to significantly diminish the per-
formance of fuel cell anodes and reforming catalysts.
Therefore, prior to the reforming process, sulfur and sul-
fur-containing compounds have to be removed from the
fuel gas to a part per billion level before the fuel gas enters
the fuel cell.
[0004] The present state of the art employs a fuel
processing assembly, such as a desulfurizer assembly,
that includes at least one adsorption or absorption bed
for removal of sulfur-containing compounds from the fuel
gas before passing the fuel gas to the fuel cell anode. An
example of such a fuel processing assembly is disclosed
in U.S. Patent No. 7,063,732, which is assigned to the
same assignee herein. The ’732 patent discloses a fuel
processing system for processing fuel for a fuel cell in-
cluding a first adsorbent bed for adsorption of inorganic
sulfur-containing compounds and high molecular weight
organic sulfur-containing compounds and a second ad-
sorbent bed for adsorption of low molecular weight or-
ganic sulfur-containing compounds, wherein the adsorb-
ent beds are arranged such that the fuel to be processed
passes through one of the adsorbent beds and thereafter
through the other of the adsorbent beds. The ’732 patent
also discloses a lead-lag desulfurizer system for opera-
tion of the sulfur adsorbent system, which provides for
optimal use of two or more desulfurizers by using a first
desulfurizer as a lead desulfirizer and a second desul-
furizer as a lag desulfurizer and redirecting fuel so as to
use the second desulfurizer as the lead desulfurizer and
the first desulfurizer as a lag desulfurizer when the first
desullfurizer is exhausted and replenished with fresh ad-
sorbent or regenerated. In this manner, the lag desul-
furizer contains the fresher adsorbent and acts as the
polishing desulfurizer, preventing damage to the fuel cell

even if the lead desulfurizer has broken through. The
lead-lag system of the ’732 patent also allows the lead
desulfurizer to be regenerated or replenished after it is
exhausted, while operating on only the lag desulfurizer
so as to achieve continuous desulfurizing of the fuel dur-
ing replenishment of the lead desulfurizer. The disclosure
of the ’732 patent is incorporated herein by reference.
[0005] The adsorbent capacity and performance of the
adsorbent bed used in the fuel processing system de-
clines with operating time as the adsorbent bed becomes
more saturated with sulfur-containing compounds. As a
result, sulfur breakthrough occurs when the adsorbent
bed becomes saturated and unable to decrease the con-
centration of the sulfur-containing compounds in the fuel
to a desired level, normally expressed in parts per billion
by volume (ppbv), and the amount of sulfur-containing
compounds passing through the bed without being ad-
sorbed, i.e. sulfur breakthrough concentration, increases
as the saturation level of the sulfur-containing com-
pounds in the bed is achieved. When a predetermined
sulfur breakthrough concentration in the processed fuel
is reached, the adsorbent bed has to be replaced or re-
generated to avoid sulfur poisoning of the fuel cell system
components. Due to variable concentrations of sulfur-
containing compounds in the fuel gas and other changes
in the fuel gas, such changes in hydrocarbon content and
water content, the time when the predetermined level of
sulfur breakthrough is reached can be highly variable.
Therefore in order to ensure timely replacement or re-
generation of the adsorbent bed, monitoring of the sulfur
breakthrough concentration in the processed fuel is re-
quired.
[0006] Presently, the monitoring of the sulfur break-
through concentration is usually accomplished by inter-
mittently analyzing samples of processed fuel gas leav-
ing the fuel processing assembly using techniques that
are not practically applied in the field and are therefore
performed in an analytical laboratory. Commonly used
techniques for analyzing the sulfur concentration in the
processed fuel include Gas Chromatography (GC) in
conjunction with Sulfur Chemiluminescence Detection
(GC-SCD) or Flame Photometric Detection (GC-FPD)
techniques, as well as lead-acetate sulfur technique.
However, these conventional techniques are expensive,
thus substantially increasing the fuel processing costs
and the operating costs of the fuel cell system. These
techniques also require sampling of the processed fuel
and transportation of the sample to the analytical labo-
ratory, therefore requiring additional personnel and ad-
ditional analytical equipment for sample collection, trans-
portation from the field to a laboratory and performing
the analysis of the processed fuel samples. As a result,
the conventional methods cannot be integrated with the
fuel cell processing assembly so as to continuously mon-
itor the breakthrough sulfur concentration online.
[0007] Detector tubes may also be applied in the field
to determine the concentration of specific sulfur com-
pounds in the processed fuel. In general, the detector
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tubes function by a color change of a powder encased
in a glass ampoule upon passing a predetermined vol-
ume of the process gas through the ampoule. The use
of detector tubes requires personnel to travel to the site
to perform the test. Detector tubes are also limited by
interferences from other compounds in the fuel gas, are
capable of detecting only one type of sulfur compound
per type of detector tube, and have minimum detection
levels that are typically too high to protect the fuel cell or
other fuel processing components in the fuel cell fuel
processing equipment.
[0008] An on-line sulfur breakthrough monitoring as-
sembly and a sulfur breakthrough detection method have
also been developed and are described in U.S. Patent
Application No. 11/782,989, assigned to the same as-
signee herein and published as US20090029208. The
monitoring assembly described in the ’989 application
uses indicator material which has one or more physical
properties, such as color, that change when the indicator
material is exposed to sulfur-containing compounds in
fuel. The indicator material is disposed in a housing which
can be placed on-line so that fuel output from a desul-
furizer is passed through the indicator material, and a
sensor is used to sense a change in one or more physical
properties of the indicator material. The monitoring as-
sembly of the ’989 application is capable of continuously
monitoring for sulfur-breakthrough concentration in the
fuel and can be easily integrated with the fuel processing
system. Another example of a sulfur breakthrough mon-
itoring assembly and method is disclosed in
US2004/0213734 where the sulfur-breakthrough con-
centration determination is based on differential temper-
ature measurements.
[0009] The object of the present invention is to provide
another sulfur breakthrough detection assembly which
can be integrated with the fuel cell system and the fuel
processing system, and which can continuously and ac-
curately monitor for low level (parts per billion) sulfur
breakthrough in the fuel.
[0010] It is a further object of the present invention to
provide a sulfur breakthrough detection assembly which
is highly sensitive and which can detect the parts per
billion breakthrough of any sulfur species based on re-
forming catalyst deactivation by sulfur poisoning.

Summary of the Invention

[0011] The above and other objectives are realized in
a sulfur breakthrough monitoring assembly for use in a
fuel utilization system for detecting sulfur-containing
compounds in desulfurized fuel according to claim 1. Ac-
cording to the present invention, said monitoring assem-
bly comprises:

a heater adapted to heat desulfurized fuel that has
been humidified to a predetermined temperature,
said predetermined temperature being between
450°C and 600°C;

a sulfur breakthrough detector adapted to receive
heated fuel from said heater and including at least a
reforming catalyst bed for reforming said heated fuel
and a plurality of temperature sensors including a
first temperature sensor adapted to sense a temper-
ature of said heated fuel before said fuel is conveyed
through said reforming catalyst bed and a second
temperature sensor adapted to sense a temperature
in said reforming catalyst bed; said assembly being
characterized in that the sulfur breakthrough moni-
toring assembly further comprises a controller adapt-
ed to:

(i) receive temperature outputs from the first and
second temperature sensors,
(ii) determine a plurality of differences between
a temperature output of the first temperature
sensor and a temperature output of the second
temperature sensor over time,
(iii) determine a rate at which the differences be-
tween the temperature output of the first tem-
perature sensor and the temperature output of
the second temperature sensor decrease, and
(iv) determine that at a concentration of the sul-
fur-containing compounds in the fuel exceeds a
first predetermined concentration if the deter-
mined rate is equal to or greater than a first de-
termined rate.

[0012] In some embodiments, the monitoring assem-
bly further includes a water supply for supplying purified
water to the heater which heats the purified water and
the desulfurized fuel to a predetermined temperature, a
first flow control unit for controlling the flow of purified
water to the heater and a second flow control unit for
controlling the flow of desulfurized fuel entering the mon-
itoring assembly. The controller receives temperature
outputs from the first and second temperature sensors,
determines the difference between these temperature
outputs and determines that the concentration of the sul-
fur-containing compounds in the fuel exceeds the first
predetermined concentration if the difference between
outputs of the first and second temperature sensors de-
creases at a first predetermined rate. When the controller
determines that the concentration of the sulfur-containing
compounds in the fuel exceeds the first predetermined
concentration, the controller activates an alarm and/or
controls the fuel utilization system to perform one or more
actions, which include controlling the flow of fuel to re-
duce or inhibit the fuel flow to one or more system com-
ponents or to the system, controlling the desulfurizer as-
sembly to redirect the flow of fuel to another desulfurizer
and/or controlling the system to switch to another fuel
supply.
[0013] In certain embodiments, the controller also de-
termines whether the concentration of the sulfur-contain-
ing compounds exceeds a second predetermined con-
centration based on whether the difference between tem-
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perature outputs from the first and second temperature
sensors decreases at a second predetermined rate that
is greater than the first predetermined rate. If the control-
ler determines that the concentration of sulfur-containing
compounds exceeds the second predetermined concen-
tration, then the controller activates an escalated alarm
and performs one or more predetermined escalated ac-
tions.
[0014] In certain embodiments, the controller also con-
trols the flow of fuel to the sulfur breakthrough detector
so that the space velocity of the fuel through the reforming
catalyst is between 30,000/hr and 120,000/hr and the
superficial velocity of the fuel through the reforming cat-
alyst is between 7 and 60 cm/sec.
[0015] According to the present invention, a method of
monitoring sulfur breakthrough in a fuel utilization system
and detecting sulfur-containing compounds in the fuel is
also specified in claim 12.

Brief Description of the Drawings

[0016] The above and other features and aspects of
the present invention will become more apparent upon
reading the following detailed description in conjunction
with the accompanying drawings, in which:

FIG. 1 shows a sulfur breakthrough monitoring as-
sembly being used in a fuel utilization system;
FIG. 2 shows a fuel cell system employing a sulfur
breakthrough monitoring assembly for detecting
breakthrough concentration of sulfur downstream of
a desulfurizer assembly and downstream of the flow
metering of the input purified water and desulfurized
fuel, such that the ratio of fuel and water are prede-
termined and not controlled by the monitoring as-
sembly;
FIG. 3A shows a schematic view of one embodiment
of the sulfur breakthrough monitoring assembly of
FIGS. 1 and 2;
FIG. 3B shows a schematic view of another embod-
iment of the sulfur breakthrough monitoring assem-
bly of FIGS. 1 and 2;
FIG. 4A shows a flow diagram for controlling the
heater of sulfur breakthrough monitoring assembly
of FIGS. 3A and 3B as applied in FIG. 1 or FIG. 2;
FIG. 4B shows a flow diagram for operating and con-
trolling the sulfur breakthrough monitoring assembly
of FIGS. 3A and 3B as applied in FIG. 1 or FIG. 2;
FIG. 5 shows another embodiment of a fuel cell sys-
tem employing a sulfur breakthrough monitoring as-
sembly for detecting sulfur breakthrough in unhumid-
ified fuel;
FIGS. 6 through 8 show graphs of temperature
measurements in the sulfur breakthrough detection
assemblies over time.

Detailed Description

[0017] FIG. 1 illustrates a fuel utilization system 1 in-
cluding a desulfurizing system 4, including desulfurizers
4A and 4B, for removing sulfur-containing compounds
from Fuel A received from a fuel supply 2 and a fuel uti-
lization device 11 which receives desulfurized fuel from
the desulfurizing system 4 and utilizes or processes the
Fuel A. The fuel utilization device 11 may or may not also
utilize other fuels, such as Fuel B, and is not limited to
any specific number of fuels or number of fuel supplies
from which the fuel utilization device 11 may receive fuel.
The fuel utilization device 11 is any device, system or
assembly that uses or processes fuel, and requires or
prefers fuel that is free or substantially free of sulfur-con-
taining compounds. Fuel utilization devices may include
fuel cell systems, fuel reforming systems, power plants,
such as fuel cell power plants, any devices operating on
fuel or generating electrical or any other type of energy
from fuel, and any other processing or utilization devices.
As shown, the fuel utilization system 1 is supplied with
Fuel A from the fuel supply 2 connected to the desulfuriz-
ing system 4 by a connecting line 3, and a first flow control
member 3a, such as a flow control valve, is used to control
the flow of fuel from the fuel supply 2 through the desul-
furizing system 4 to the fuel utilization device 11. The
construction and type of the desulfurizing system 4 may
vary depending on the requirements of the fuel utilization
device 11. In certain embodiments, the desulfurizing sys-
tem 4 includes one or more desulfurizers 4A and 4B,
each of which includes one or more adsorbent and/or
absorbent beds comprising adsorbent and/or absorbent
materials. The adsorbent and/or absorbent beds of the
desulfurizers of the desulfurizing system 4 remove sulfur-
containing compounds present in the fuel being passed
therethrough by chemical or physical adsorption or by
absorption. In some embodiments, the desulfurizing sys-
tem 4 includes a plurality of desulfurizers disposed at
least in parallel so fuel is desulfurized by at least one of
the desulfurizers while one or more other desulfurizers
are in standby. In such desulfurizing systems, the fuel
flow may be switched from the operating desulfurizer(s)
to one or more of the other desulfurizers when the amount
of sulfur breakthrough in desulfurized fuel is greater than
an acceptable amount. In some embodiments, the des-
ulfurization system 4 includes a plurality of desulfurizers
disposed in series and/or in parallel, so that one of the
desulfurizers 4A operates as a lead desulfurizer and the
other desulfurizer 4B operates as a lag desulfurizer. Such
a desulfurizing system 4 is shown in the illustrative em-
bodiment of FIG. 1. As shown in FIG. 1, flow control mem-
bers, such as valves 5a-h, are used to control the flow
of fuel through the desulfurizers 4A and 4B. For example,
as shown in FIG. 1, the valves 5a, 5d, 5e and 5h are open
and valves 5b, 5c, 5f and 5g are closed so that the Fuel
A is first conveyed to the first desulfurizer 4A and there-
after to the second desulfurizer 4B. When the capacity
of the first desulfurizer 4A is reduced beyond a predeter-
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mined level, the fuel is redirected through the second
desulfurizer 4B, which becomes the lead desulfuizer
while the first desulfurizer is replenished with fresh ad-
sorbent or regenerated and becomes the lag desulfuriz-
er. In this case, the valves 5a, 5d, 5e and 5h would be
closed and valves 5b, 5c, 5f and 5g would be opened. In
addition, either desulfurizer A or desulfurizer B may be
isolated from the Fuel A while Fuel A continues to flow
though the other desulfurizer so as to allow the isolated
desulfurizer to be regenerated while the fuel is being di-
rected through the other desulfurizer. Desulfurized fuel
output from the first desulfurizer 4A is then passed
through a connecting line 3b to a polishing or lag desul-
furizer 4B and then on to connecting line 7a to the fuel
utilization device 11.
[0018] As shown in FIG. 1, a sulfur breakthrough mon-
itoring assembly 6 is used with the fuel utilization system
11 for detecting and monitoring breakthrough concentra-
tion of sulfur-containing compounds downstream from
the first desulfurizer 4A and/or downstream of the second
desulfurizer 4B. The sulfur breakthrough monitoring as-
sembly 6 of this embodiment can be used with, and in-
corporated into, any fuel utilization system that requires
monitoring of sulfur breakthrough concentrations in the
fuel. As shown, the sulfur breakthrough monitoring as-
sembly 6 receives at least a portion of the desulfurized
fuel output from the desulfurizer 4A and/or 4B through a
connecting line 9 and monitors the rate of sulfur break-
through increase in the fuel based on temperature vari-
ations in the monitoring assembly 6 as described in more
detail below. The monitoring assembly 6 also can acti-
vate one or more alarms or signals based on the moni-
toring of the rate of sulfur breakthrough in the fuel, and
these alarms or signals can escalate as the rate of sulfur
breakthrough in the fuel increases. The alarms or signals
activated by the monitoring assembly 6 control the sys-
tem to perform one or more predetermined actions if the
monitoring assembly 6, based on the monitoring of the
rate or concentration of sulfur breakthrough in the fuel,
determines that the sulfur breakthrough in the fuel is in-
creasing at a rate that is higher than a predetermined
acceptable rate or if the concentration of sulfur-contain-
ing compounds is higher than a predetermined accept-
able concentration.
[0019] As shown in FIG. 1, a portion of the fuel output
from the desulfurizer 4A is supplied to the monitoring
assembly 6 via the connecting line 9. As shown, the con-
necting line 9 includes a flow control member 9a, and
may also include an optional flow transmitter or flow in-
dicator 9c. The flow control member 9a controls the flow
rate of desulfurized Fuel A supplied to the monitoring
assembly 6 and in this illustrative embodiment, controls
the amount of the desulfurized fuel so that the flow rate
of the fuel supplied to the monitoring assembly is between
0.5 and 2 slpm. Other fuels may also be selected by the
controller for sulfur breakthrough detection, by actuation
of flow control members 12a or 13a, to select, respec-
tively, Fuel A exiting Lag Desulfurization Vessel 4B, or

Fuel B, or another fuel. In the present illustrative embod-
iment, the sulfur breakthrough monitoring assembly 6 al-
so includes a water flow control assembly 8 for controlling
the flow of water, or deionized water, from a water supply
22 to a heater 6a after combining the water with the se-
lected fuel. In the present illustrative embodiment, the
water flow control assembly 8 and a fuel flow assembly
15 control the flow of water and selected fuel, respective
so that the resulting humidified fuel has a steam to carbon
ratio (S/C) of 1.3-3.0. The method of controlling the fuel
flow may be a forward pressure regulator followed by a
back pressure regulator with an orifice or valve in be-
tween, to provide a fixed pressure drop across a fixed
orifice, thereby controlling the flow of fuel in line 16. There
are many other acceptable means of controlling the fuel
flow, such as a thermal mass flow controller. Likewise,
the method of controlling the water flow may be a forward
pressure regulator followed by a back pressure regulator
with an orifice or valve in between, to provide a fixed
pressure drop across a fixed orifice, thereby controlling
the flow of water in line 17. There are also many other
acceptable means of controlling the water flow, such as
a micro metering pump, or a humidifier in which the fuel
is bubbled through a heated column of water to provide
the desired dew point, or steam to carbon ratio, at the exit.
[0020] In some embodiments, the fuel utilization sys-
tem includes a humidification assembly that humidifies
the desulfurized fuel before it is supplied to the monitoring
assembly 6, and in such embodiments the water control
assembly 8 may be omitted so that humidified desul-
furized fuel is provided directly to the monitoring assem-
bly. In such embodiments, a fuel control member may be
used for controlling the flow rate of desulfurized humidi-
fied fuel to the monitoring assembly. An example of this
embodiment is shown in FIG. 2.
[0021] As shown in FIG. 1, the sulfur breakthrough
monitoring assembly 6 comprises a heater 6a, which
heats the fuel to a predetermined temperature, and a
sulfur breakthrough detector 6b, which comprises at least
reforming catalyst. As discussed in more detail below,
the sulfur breakthrough monitoring assembly 6 includes
a plurality of temperature sensors, or thermocouples,
which sense or detect the temperatures in the heater 6a
and at predetermined portions of the sulfur breakthrough
detector 6b.
[0022] As shown, the sulfur breakthrough monitoring
assembly 6 also includes a controller assembly 501 that
includes at least one controller for controlling at least the
heater 6a and the sulfur breakthrough detector 6b based
on the temperatures sensed by the temperature sensors.
As also described in more detail below, changes in tem-
peratures sensed by the temperature sensors are mon-
itored and based on the changes in the temperatures
detected by the temperature sensors, the controller as-
sembly 501 determines whether or not sulfur break-
through has occurred and whether or not the sulfur break-
through in the fuel is increasing at a higher than accept-
able rate. In some embodiments, the controller assembly
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501 also determines, based on the changes in the de-
tected temperatures, whether or not the fuel flow through
the monitoring assembly 6 is sufficient and whether or
not the fuel flow is constant. Based on these determina-
tions, the controller assembly 501 activates one or more
alarms or signals, which escalate as the rate and amount
of sulfur breakthrough in the fuel increases, and which
control the fuel utilization system 1 to perform one or
more predetermined actions. These predetermined ac-
tions include an activation of an alarm 130, such as a
pager alarm to an operator and/or an alarm indicating a
need for replacement or regeneration of at least one des-
ulfurizer 4A or 4B of the desulfurizing system 4, control-
ling the desulfurizing system to inhibit the flow of fuel
through an operating desulfurizer and to redirect fuel flow
through another desulfurizer, switching to another fuel,
e.g. Fuel B, and controlling the flow of desulfurized fuel
to the fuel utilization device so as to minimize or altogeth-
er inhibit the flow of fuel to the fuel utilization device. More
detailed constructions of the sulfur breakthrough moni-
toring assemblies 6 that can be used together with the
fuel utilization system 1 of FIG. 1 are shown in FIGS. 3A
and 3B and are described in more detail herein below.
[0023] As shown in FIG. 1, fuel output from the sulfur
breakthrough detector 6 is conveyed to a vent 10 through
a vent flow controller 10a and/or can be combined with
the desulfurized fuel flowing through the connecting line
7b to the fuel utilization device 11. A flow control member
9b is used for controlling the flow of fuel output from the
monitoring assembly 6 to the connecting line 7b.
[0024] As discussed above, the fuel utilization device
11 may receive another fuel from another fuel supply
instead of Fuel A or in addition to Fuel A. As shown in
FIG. 1, Fuel B, which can be the same or different fuel
than Fuel A, is supplied from another fuel supply 14 to
the fuel utilization device via a line 14b. The flow of Fuel
B to the fuel utilization device 11 is controlled by a Fuel
B controller 14a, such as a valve, and as discussed
above, a portion of the Fuel B may be conveyed to the
monitoring assembly 6 through the flow controller 13a.
As shown in FIG. 1, the flow controllers 13a and 14a are
controlled by the controller 501. In addition, the controller
501 may control the flow controllers 3a, 9a and 12a so
as to control the flow of fuel A to the fuel utilization device
and to the monitoring assembly 6.
[0025] FIG. 2 illustrates a fuel cell system 100 which
includes a desulfurizer assembly 104 and a sulfur break-
through monitoring assembly 106 for detecting and mon-
itoring breakthrough concentration of sulfur downstream
from the desulfurizer assembly 104. The fuel cell system
100 is supplied with fuel from a fuel supply 102 connected
to the desulfurizer assembly 104 by a connecting line
103. A first flow control member 103a, such as a flow
control valve, is used to control the flow of fuel from the
fuel supply 102 through the desulfurizer assembly 104
to the fuel humidifier 108.
[0026] The desulfurizer assembly 104 includes one or
more desulfurizers each of which includes one or more

adsorbent and/or absorbent beds comprising adsorbent
and/or absorbent materials. Sulfur-containing com-
pounds present in the fuel being passed through the des-
ulfurizer assembly 104 are removed from the fuel using
the adsorbent and/or absorbent beds by chemical or
physical adsorption or by absorption. Desulfurized fuel
from the desulfurizer assembly 104 is thereafter passed
through a connecting line 105 to a humidifier 108 where
the fuel is humidified with water provided from a water
supply 122. In the present illustrative embodiment, a wa-
ter flow controller 122a and the fuel flow controller 103a
control the ratio of fuel and water so that the humidifier
108 humidifies the fuel and such that the steam to carbon
ratio (S/C) of the humidified fuel is 1.3 or greater, and
preferably to S/C ratio of 1.5 to 3.0, which is suitable for
use in a Direct Fuel Cell (DFC) power plant. Fuel and/or
water flow metering devices may be used as the fuel flow
controller 103a and/or the water flow controller 122a, re-
spectively, for controlling the flow of fuel and water from
the fuel supply 102 and water supply 122, respectively.
In the humidifier 108, the fuel may also be heated by heat
exchange using heat from cathode exhaust gas. The hu-
midified fuel is then conveyed to a fuel processing as-
sembly 110 by a connecting line 107. As shown, a portion
of the fuel output from the humidifier 108 is conveyed
from the connecting line 109 to the sulfur breakthrough
monitoring assembly 106 via a flow control member
109a. The monitoring assembly 106 continuously moni-
tors the desulfurized fuel for the presence of sulfur-con-
taining compounds therein, i.e., sulfur breakthrough, and
is disposed in parallel with the fuel processing assembly
110. The fuel conveyed through the monitoring assembly
is then combined in a connecting line 111 with the other
portion of the fuel which is processed by the fuel process-
ing assembly 110 and output from the fuel processing
assembly 110 to the connecting line 111. A flow control
valve 109b is used to control the flow of fuel from the
monitoring assembly 106 to the connecting line 111.
[0027] As shown in FIG. 2, the sulfur breakthrough
monitoring assembly 106 comprises a heater 106a which
heats the fuel to a predetermined temperature and a sul-
fur breakthrough detector 106b which comprises at least
reforming catalyst. As discussed in more detail below,
the sulfur breakthrough monitoring assembly 106 in-
cludes a plurality of temperature sensors, such as ther-
mocouples, which sense or detect the temperatures in
the heater 106a and at predetermined portions of the
sulfur breakthrough detector 106b. The sulfur break-
through monitoring assembly 106 also includes a con-
troller assembly 501 that includes at least one controller
for controlling at least the heater 106a and the sulfur
breakthrough detector 106b based on the temperatures
sensed by the temperature sensors. As also described
in more detail below, changes in temperatures sensed
by the temperature sensors are monitored and based on
the changes in the temperatures detected by the tem-
perature sensors, the controller assembly 501 deter-
mines whether or not sulfur breakthrough has occurred
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and whether the concentration of the sulfur breakthrough
in the fuel is equal to or greater than a predetermined
concentration. The predetermined concentration may be
varied depending on the requirements of the system and
in the illustrative embodiments described below, the pre-
determined concentration is 30 ppb or 200 ppb. The con-
troller assembly 501 can also determine whether or not
the sulfur breakthrough in the fuel is increasing at a high
rate. In some embodiments, the controller assembly 501
also determines based on the changes in the detected
temperatures whether or not the fuel flow through the
monitoring assembly is sufficient and whether or not the
fuel flow is constant. Based on these determinations, the
controller assembly 501 activates one or more alarms in
an escalating manner as the rate and amount of sulfur
breakthrough in the fuel increases, which in some cases
control the fuel cell system to perform at least one pre-
determined action. Predetermined actions include an ac-
tivation of an alarm 130, such as a pager alarm to a sys-
tem operator or an alarm indicating a need for replace-
ment or regeneration of at least one desulfurizer of the
desulfurizer assembly 104, controlling the desulfurizer to
inhibit the flow of fuel through an operating desulfurizer
and to redirect fuel flow through another desulfurizer,
controlling the flow of desulfurized fuel to the fuel cell so
as to minimize or inhibit the flow of fuel to the fuel cell,
and switching over to an alternate fuel supply having its
own independent desulfurization system, e.g. Fuel B.
Constructions of the sulfur breakthrough monitoring as-
sembly 106 are shown in FIGS. 3A and 3B and are de-
scribed in more detail herein below.
[0028] In certain embodiments, the desulfurizer as-
sembly 104 includes a plurality of desulfurizers, each of
the desulfurizers including at least one desulfurizing bed,
wherein the desulfurizers are coupled with one another
so as to allow at least one of the desulfurizers to be op-
erational while one or more of the other desulfurizers are
in standby mode or are coupled so that the fuel passes
in series through the first desulfurizer and then through
the second desulfurizer. An example of such desulfurizer
assembly, which includes a "lead lag" system, is dis-
cussed above and disclosed in commonly assigned U.S.
patent no. 7,063,732. As discussed in the ’732 patent,
the desulfurizer assembly in such embodiments includes
one or more fuel flow control members (not shown for
purpose of simplicity) to direct the flow of fuel through at
least one of the desulfurizers. In such embodiments,
when the controller assembly 501 determines, based on
a predetermined temperature change sensed by the tem-
perature sensors, that the concentration of sulfur break-
through in the fuel is equal to or greater than the prede-
termined concentration, the controller assembly 501 con-
trols the fuel flow control members of desulfurizer assem-
bly 104 to inhibit or limit the flow of fuel through the op-
erational desulfurizer and to direct the flow of fuel through
at least one of the other desulfurizers on standby. For
example, if the sulfur breakthrough detector of Figure 1
is being used to detect the sulfur breakthrough in the lead

bed and detects sulfur in the lead bed, or a higher than
a predetermined concentration or rate of increase of sul-
fur in the lead bed, the controller may cause the fuel to
bypass the lead bed and to be desulfurized by only the
lag bed. Alternatively, if the sulfur breakthrough detector
of Figure 2 is being used to detect sulfur breakthrough
in Fuel A and detects sulfur in fuel A, or a higher than a
predetermined concentration or rate of increase of sulfur
in Fuel A, the controller may control the system to switch
to fuel B. The controller assembly 501 may also activate
an alarm indicating a need for replacement or regener-
ation of the previously operational desulfurizer. In certain
embodiments, the controller assembly 501 also controls
the desulfurizer assembly 104 to automatically regener-
ate the previously operational desulfurizer when the fuel
flow through the previously operational desulfurizer is in-
hibited or if the alarm indicating that the previously oper-
ational desulfurizer needs to be regenerated is activated.
[0029] As shown in FIG. 2, the fuel cell system 100
includes the fuel flow control member 103a for controlling
the flow of desulfurized humidified Fuel A to the fuel
processing assembly 110. In some illustrative embodi-
ments, the controller assembly 501 controls the fuel flow
control member 103a for Fuel A and a fuel flow control
member 124 for Fuel B to control the flow rate of the fuels
to the fuel processing assembly 110 and to the fuel cell
112. In such embodiments, when the controller assembly
501 determines, based on the changes in the tempera-
tures sensed by the temperature sensors, that the con-
centration of sulfur breakthrough in whichever fuel is flow-
ing to the fuel processing assembly 110 is equal to or
greater than the predetermined amount, or that rate of
sulfur breakthrough in the fuel increases at a rate that is
greater than an acceptable rate, the controller assembly
501 controls the fuel flow control members 103a and 124
to inhibit or limit the flow of whichever fuel is presently
flowing to the fuel processing assembly 110 so as to pre-
vent poisoning of catalyst in the fuel processing assembly
110. In certain embodiments, the controller assembly 501
first activates an alarm state or a warning when the tem-
perature change sensed by the sensors is greater than
a threshold amount, and thereafter controls the fuel flow
control members 103a and 124 to inhibit or limit the flow
of the presently flowing fuel therethrough if it is deter-
mined that the concentration of the sulfur breakthrough
in the presently flowing fuel is equal to or greater than
the predetermined concentration and/or the sulfur break-
through concentration is increasing at a higher than the
acceptable rate. The controller assembly 501 may also
control the flow of desulfurized humidified fuel to the mon-
itoring assembly 106 by controlling the valve 109a.
[0030] As shown in FIG. 2, the system 100 also in-
cludes the fuel processing assembly 110 for further
processing the fuel, a fuel cell 112, including an anode
114 and a cathode 116, and an oxidizer assembly 118.
In the present illustrative embodiment, the fuel process-
ing assembly 110 includes a pre-reforming assembly,
including a reforming catalyst, for reforming at least a
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portion of the fuel so as to produce fuel suitable for use
in the fuel cell 112. In some embodiments, the fuel
processing assembly 110 includes a deoxidizing assem-
bly, including a deoxidizing catalyst, for removing oxygen
from the fuel. In the embodiments in which the fuel
processing assembly includes the deoxidizing assembly
and the pre-reforming assembly, the deoxidizing and pre-
reforming assemblies are disposed so that the fuel is first
passed through the deoxidizing assembly and thereafter
through the pre-reforming assemblies so that oxygen is
removed from the fuel prior to reforming the fuel. In this
way, deactivation or damaging of the reforming catalyst
is prevented.
[0031] Fuel processed in the fuel processing assembly
110 is thereafter conveyed via the connecting line 111
to the anode 114 of the fuel cell 112. As shown in FIG.
2, the output from the monitoring assembly 106 may also
be conveyed to the connecting line 111 where it is com-
bined with the output from the fuel processing assembly
and both output portions are conveyed to the anode 114,
where the fuel undergoes an electrochemical reaction
with an oxidant gas flowing through the cathode 116 to
produce electrical power. As also shown, spent fuel leav-
ing the anode 114, i.e. anode exhaust, which includes
unreacted fuel, is conveyed to the oxidizer 118 where it
is combined with air from an air supply 120 and combust-
ed or oxidized to produce oxidant gas suitable for use in
the cathode 116. Spent oxidant gas leaving the cathode
116, in turn, may be passed to the humidifier 108 for
heating desulfurized fuel and water and/or may be recy-
cled back to the cathode 116.
[0032] FIGS. 3A and 3B show two embodiments of the
sulfur breakthrough monitoring assembly which can be
used in a fuel cell system as shown in FIG. 2 or in the
fuel utilization system of FIG. 1. It is understood, however,
that the sulfur breakthrough monitoring assemblies of
FIGS. 3A and 3B can be used in any systems that require
sulfur monitoring in fuel or other gases. The first embod-
iment of the sulfur breakthrough monitoring assembly
206 is shown in FIG. 3A and is suitable for monitoring
sulfur breakthrough in fuel that has no or only a small
amount of oxygen. As shown in FIG. 3A, the monitoring
assembly 206 comprises a heater 206a, which receives
desulfurized fuel from the connecting line 16 plus water
from the connecting line 17 in the embodiment of FIG. 1,
or humidified fuel from the connecting line 109 in the em-
bodiment of FIG. 2, and heats the humidified fuel to a
predetermined temperature. When the monitoring as-
sembly 206 is used in the system shown in FIG. 1, the
fuel in the connecting line 16 is humidified by being com-
bined with the water from the water supply and conveyed
through the line 17 via the water flow controller 8, as
described above. In the present illustrative embodiment,
the predetermined temperature to which the heater heats
the fuel is between 450°C and 600°C, with a preferred
predetermined temperature being between 475°C and
550°C. In the operation example described below, the
predetermined temperature is 500°C. However, the pre-

determined temperature is dependent on the types of
sulfur-containing compounds being monitored in the fuel
and the desired minimum detection level, and thus may
be different in other applications or embodiments. In par-
ticular, it has been found by applicants that elevated op-
erating temperatures are required during operation of the
sulfur breakthrough monitoring assembly in order to mon-
itor certain types of sulfur-containing compounds, such
as dimethyl sulfide. This is because the elevated tem-
peratures are required for some sulfur-containing com-
pounds to react with the catalyst in the sulfur break-
through detector 206b so as to poison the catalyst rather
than allowing those sulfur-containing compounds to sim-
ply pass through the catalyst. At the same time, the pre-
determined temperature should not be so high as to
cause sintering of the catalyst in the sulfur breakthrough
detector 206b. At the minimum, the fuel is heated to the
predetermined temperature so that the monitoring as-
sembly is able to detect the typical breakthrough sulfur
species, for example: DMS (dimethyl sulfide), COS (car-
bonyl sulfide), EMS (ethyl methyl sulfide), THT (tetrahy-
drothiophene), CS2 (carbon disulfide) and H2S (hydro-
gen sulfide).
[0033] The heater 206a used in the monitoring assem-
bly is a compact, low wattage heater. In the present il-
lustrative embodiment, the heater includes a length of
3/8" tubing, which conveys the water and fuel (Fig. 1), or
humidified fuel gas (Fig. 2), coiled around a cartridge
heater. Fuel is conveyed through the tubing coil of the
heater 206a and is heated by the heater to the predeter-
mined temperature. The temperature in the heater 206a
is measured using one or more temperature sensors. As
shown in FIG. 3A, a first temperature sensor T1 and a
second temperature sensor T2, both of which comprise
thermocouples, are provided for sensing the temperature
in the heater 206a. In the embodiment shown, two ther-
mocouples T1 and T2 are provided for sensing the tem-
perature of the heater as a safety measure in case one
of the thermocouples fails. In such embodiments, tem-
perature sensed by one of the thermocouples T1 and T2
is used for controlling the heating by the heater 206a,
while the temperature sensed by the other thermocouple
T1 or T2 is only used as a safety backup in case of ther-
mocouple failure. In other embodiments, only one tem-
perature sensor may be used for sensing the temperature
in the heater 206a.
[0034] As shown in FIG. 3A, the monitoring assembly
206 further comprises a sulfur breakthrough detector
(SBD) 206b, which receives fuel heated by the heater
206a and through which the heated fuel is conveyed. The
sulfur breakthrough detector 206b comprises a housing
207 and a reforming catalyst bed 208 disposed in the
housing 207. The dimensions of the housing 207 and the
catalyst bed 208 may vary dependent on the amount of
fuel flow to be passed through the monitoring assembly
206 and the sensitivity of the monitoring assembly 206.
In the present illustrative embodiment, when the moni-
toring assembly is used with a fuel cell system of FIG. 2,
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about 6 slpm of humidified fuel is conveyed from the con-
necting line 107 to the sulfur breakthrough monitoring
assembly, which comprises about 0.2% of the total fuel
required for 300 kW net AC fuel cell operation. In the
embodiment of FIG. 2, the humidified fuel is conveyed
to the sulfur breakthrough monitoring assembly at lower
flow rates when the fuel cell is producing less power and
therefore the total fuel gas output from the humidifier is
less. For example, the humidified fuel may be conveyed
to the breakthrough monitoring assembly at a flow rate
of 1.0 to 3.8 slpm, which is a portion of the fuel gas output
from the humidifier at a flow rate of 500 to 1900 slpm.
When the monitoring assembly is used with the fuel uti-
lization system of FIG. 1, the (dry) fuel is conveyed to the
monitoring assembly at a controlled flow rate of 0.5 to
2.0 slpm. In the embodiment of FIG. 1 the fuel flow rate
and even the fuel flow type to the sulfur breakthrough
monitoring assembly 6 is independent of the fuel flow to
the fuel utilization device, with the fuel flow type being
controlled by the selection valves 9a, 12a, and 13a, and
the fuel flow rate being controlled by the fuel flow con-
troller 15.
[0035] In this illustrative embodiment, the housing 207
of the sulfur breakthrough monitoring assembly 206 is a
substantially cylindrical housing formed from metallic
materials, such as stainless steel, and has a diameter of
1 inch (2.54 cm) and a height or length of 3 inches (7.62
cm). The housing 207 in this embodiment houses therein
a reforming catalyst bed 208 that includes 5 grams of
nickel-based reforming catalyst and has a depth of about
5 mm. The reforming catalyst bed is supported within the
housing 207 by a screen about 1 inch (2.54 cm) away
from the outlet end of the housing 207. The nickel-based
indirect reforming catalyst suitable for use in the catalyst
bed 208 of the sulfur breakthrough detector 206b is in
the form of pellets or the like and in some embodiments
comprises a small precious metal component, such as
0.1-1.0 weight % of rhodium, platinum, palladium or an-
other precious metal. In some embodiments, the reform-
ing catalyst used in the catalyst bed 208 may be reduced
and stabilized, while in other embodiments the reforming
catalyst in an oxidized state may be used in the catalyst
bed 208 and thereafter reduced in-situ using hydrogen
gas, blended with nitrogen, prior to exposing the catalyst
to the humidified fuel. It is understood that the configu-
ration and dimensions of the housing 207 and the catalyst
bed 208 described above are illustrative and that other
configurations and dimensions may be used.
[0036] As shown in FIG. 3A, temperatures within the
sulfur breakthrough detector are sensed and monitored
by a plurality of temperature sensors T3, T4 and T5,
which can be in the form of thermocouples. A third tem-
perature sensor, or thermocouple, T3 senses the tem-
perature of the heated fuel flowing through an inlet portion
207a of the housing 207 and prior to entering the reform-
ing catalyst bed 208. A fourth temperature sensor, or
thermocouple, T4 senses the temperature in the reform-
ing catalyst bed 208, and a fifth temperature sensor, or

thermocouple, T5 senses the temperature of the fuel
flowing through an outlet portion 207b of the housing 207
after the fuel has passed through the reforming catalyst
bed 208. As described below, the temperatures sensed
by the temperature sensors T3, T4 and T5 are used for
monitoring sulfur breakthrough presence and amounts
in the fuel and for determining whether the amount of
sulfur breakthrough in the fuel is increasing at a high rate.
As also described, the temperatures sensed by the tem-
perature sensors T1 to T5 may also be used for control-
ling the heating of the heater and for determining whether
the fuel flow rate through the sulfur breakthrough moni-
toring assembly is sufficient to maintain accurate and pre-
cise monitoring of the sulfur breakthrough.
[0037] During operation of the sulfur breakthrough
monitoring assembly 206, desulfurized and humidified
fuel portion is heated to a constant predetermined tem-
perature by the heater 206a and thereafter guided
through the sulfur breakthrough detector 206b. In the sul-
fur breakthrough detector 206b, the heated fuel is par-
tially reformed by the reforming catalyst in the catalyst
bed 208 before being output from the housing 207 of the
sulfur breakthrough detector 206b. The temperature of
the reforming catalyst bed 208 is dependent on the rate
of the reforming process by which the fuel is reformed,
which is directly related to the condition of the reforming
catalyst in the catalyst bed 208. Sulfur-containing com-
pounds, when present in the fuel flowing through the cat-
alyst bed 208, poison the reforming catalyst thus causing
the rate of fuel reforming to decrease. Since the reforming
reaction is endothermic, the decrease in the rate of fuel
reforming by the reforming catalyst causes the temper-
ature in the catalyst bed 208 to rise as the amount of
sulfur-containing compounds present in the fuel increas-
es, thus indicating sulfur poisoning of the reforming cat-
alyst in the catalyst bed 208.
[0038] During operation, the rate at which the temper-
ature in the catalyst bed 208 increases is related to the
amount or concentration of sulfur breakthrough present
in the fuel. As a result, if the amount of sulfur-containing
compounds in the fuel is relatively small, e.g., less than
30 ppb or less than 100 ppb, and relatively constant, then
the temperature in the catalyst bed 208 will increase grad-
ually and slowly at a rate that is smaller than a first pre-
determined rate. For example, a relatively small amount
of sulfur breakthrough in the fuel, such as < 30 ppb, would
result in a temperature rise of less than 0.55°C per day,
and typically less than 0.2°C per day (less than the first
predetermined rate). However, when a greater concen-
tration of sulfur breakthrough, e.g. greater than 100 ppb,
is present in the fuel and/or the amount of sulfur break-
through continues to increase, the temperature in cata-
lyst bed 208 will increase at the first predetermined rate.
In this illustrative example, the first predetermined rate
at which the temperature rises is greater than 1.1°C per
day, and the rate of 1.1°C per day corresponds to a con-
centration of 200 ppb of sulfur breakthrough in the fuel.
In other embodiments, where higher sensitivity is need-
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ed, the first predetermined rate may be set at a smaller
value, such as greater than 0.55°C per day, which cor-
responds to the predetermined concentration of greater
than 100 ppb of sulfur breakthrough of fuel. In the fuel
cell system of FIG. 2 or in the fuel utilization system of
FIG. 1, the large increase in the rate of the temperature
rise, i.e. at the first predetermined rate, typically occurs
when the desulfurizer is no longer capable of sufficiently
desulfurizing the fuel, such as when the operating des-
ulfurizer bed has reached, or is approaching, its sulfur
removal capacity. It is understood that the first predeter-
mined rate of the temperature rise in the catalyst bed 208
is not limited to greater than 1.1°C per day or greater
than 0.55°C per day, and that the first predetermined rate
may be varied based on the concentrations of sulfur-con-
taining compounds that can be tolerated by the system
being monitored. In addition, a second predetermined
rate of temperature increase in the catalyst bed 208 may
be used for triggering more severe actions by the con-
troller assembly 501. In the illustrative embodiment de-
scribed above, the second predetermined rate is greater
than 4.4°C per day, which corresponds to the predeter-
mined sulfur breakthrough concentration of greater than
800 ppb, but it may be varied in other embodiments.
[0039] In order to accurately determine the concentra-
tion of sulfur breakthrough in the fuel and the rate of in-
crease in the sulfur breakthrough in the fuel, the space
velocity and superficial velocity of the fuel flowing through
the sulfur breakthrough detector 206b must be controlled.
The sensitivity of the sulfur breakthrough detector 206b
is significantly improved by providing optimal geometry
of the sulfur breakthrough detector and controlling the
operating temperature, as described above, as well as
by controlling the space velocity and superficial velocity
of the fuel through the reforming catalyst bed. In partic-
ular, the sulfur breakthrough detector 206b is operated
so that the space velocity of the fuel through the reforming
catalyst bed is within a defined kinetically-limited range
so that any deactivation or poisoning of the reforming
catalyst shows up rapidly as loss of reforming capacity
and as the temperature drop across the reforming cata-
lyst bed. In this embodiment, the space velocity of the
fuel through the reforming catalyst bed is in the range of
30,000/hr and 120,000/hr, with the optimal space velocity
being about 90,000/hr. In addition, the operation of the
sulfur breakthrough detector 206b is controlled so that
the superficial velocity of the fuel through the reforming
catalyst bed is sufficiently low to allow for hydrogen back
diffusion in order to maintain the reforming catalyst in a
reduced state despite the lack of hydrogen in the fuel
feedstock. The superficial velocity of the fuel is in the
range between 7 and 60 cm/sec, with the optimal super-
ficial velocity being 25 cm/sec. The space velocity and
superficial velocity of the fuel are controlled by controlling
the flow rate of fuel through the sulfur breakthrough de-
tector and the geometry of the sulfur breakthrough de-
tector. Monitoring by the control assembly as described
below is used to signal whether the flow rate is in the

correct or expected range.
[0040] Referring now to FIG. 3A, a controller assembly
501 which includes one or more control sections and/or
one or more controllers, receives temperature readings
from the thermal sensors T1 to T5, and determines
whether or not the concentration of sulfur breakthrough
in the fuel is greater than the predetermined concentra-
tion and/or is increasing at a high rate. The controller
assembly 501 also controls the heating provided by the
heater 206a and determines whether the flow of fuel
through the monitoring assembly 206 is stable or con-
stant and sufficiently high so as to provide an accurate
sulfur breakthrough determination.
[0041] As shown in FIG. 3A, the controller assembly
501 includes a first control section TDY-1, or first con-
troller, which receives temperature readings from tem-
perature sensors T3 and T4 and determines, by compar-
ing these temperature readings over time, the rate at
which the temperature is increased in the catalyst bed
208 and whether the rate of the temperature increase is
at the first predetermined rate, and also whether the rate
is at the second predetermined rate. When the first con-
trol section TDY-1 determines that the temperature in the
catalyst bed 208 increases at a rate that is less than the
first predetermined rate, e.g. 1.1°C per day (24 hours) or
less, the concentration of sulfur breakthrough in the fuel
is below the predetermined concentration and is increas-
ing at a slow and constant rate. This indicates that the
desulfurizer assembly of the system is operating properly
with sufficient desulfurization of the fuel, and that the op-
erating desulfurizer has not reached its absorbent/ad-
sorbent capacity. However, when the first control section
TDY-1 determines that the temperature in the catalyst
bed 208 is increasing at a rate that is greater than the
first predetermined rate, e.g. greater than 1.1°C per day,
then it is determined that the concentration of sulfur
breakthrough in the fuel is equal to or greater than the
predetermined concentration, indicating a potential prob-
lem with the desulfurizer assembly, such as saturation
of the operating desulfurizer bed(s). If the first controller
TDY-1 determines that the temperature in the catalyst
bed 208 is increasing at or above the first predetermined
rate, the first controller TDY-1 controls to activate one or
more alarms, such as an alarm causing one or more pre-
determined actions to occur. The one or more alarms
include, but are not limited to, activating an alarm or an
alarm state, activating an alarm controlling the flow of
fuel to the processing assembly of the fuel cell system
so as to stop or limit the flow of the presently flowing fuel
conveyed to the processing assembly, activating an
alarm controlling the supply of fuel to the system so as
to stop or limit the flow of fuel to the system, and activating
an alarm controlling the desulfurizer assembly so as to
redirect the flow of fuel to be desulfurized through another
desulfurizer bed and/or to regenerate or replace the des-
ulfurizer bed that has reached its absorbing/adsorbing
capacity. In addition, the first controller TDY-1 deter-
mines whether the temperature in the catalyst bed 208
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is increasing at the second predetermined rate, which is
higher than the first predetermined rate, and if so, the
first controller TDY-1 activates one or more alarms which
have a greater escalation, or greater severity, than the
alarm(s) previously activated. For example, if the first
controller TDY-1 determines that the temperature in the
catalyst bed 208 increases at the second predetermined
rate, then TDY-1 may control the system so as to inhibit
the flow of fuel to the fuel cell or fuel utilization device, or
to inhibit the flow of fuel to the system, or to select an
alternate fuel source or redirect the present fuel source
to use a back-up desulfurization system.
[0042] Operation of the first control section TDY-1 will
now be described in more detail. At the start of the mon-
itoring assembly operation, the first control section TDY-
1 receives temperature readings from the temperature
sensors T3 and T4 and determines the difference be-
tween the received temperature readings by subtracting
T4 from T3, i.e. T4 - T3, to establish an initial temperature
difference value TDY_STEADY. In some embodiments,
the initial temperature difference value TDY_STEADY is
established upon the heat up of the monitoring assembly
to set point temperature of T3 and achieving a steady
flow rate, by averaging the temperature difference values
between T4 and T3 over a predetermined time period of
n hours, e.g. 3 hours, and/or upon initial heat up may be
further adjusted over another time period, e.g. 24 hours,
so as to obtain more accurate readings. After the initial
temperature difference value TDY_STEADY is estab-
lished, the first control section TDY-1 continues to receive
and compare temperature readings from the temperature
sensors T3 and T4 by subtracting T4 from T3, i.e. T4 -
T3, so as to continuously obtain temperature difference
values TDY_FLOAT. The temperature difference values
between T3 and T4 for determining TDY_FLOAT may
also be averaged over the predetermined time period of
n hours, e.g. 3 hours, so as to eliminate noise and to
obtain more accurate values. The first control section
TDY-1 then compares the obtained temperature differ-
ence values TDY_FLOAT with the previously established
initial temperature difference value TDY_STEADY by
subtracting TDY_FLOAT from TDY_STEADY, i.e.
TDY_STEADY - TDY_FLOAT. The difference values be-
tween TDY_FLOAT and TDY_STEADY are continuously
determined and monitored by the first control section
TDY-1 to determine whether the temperature in the cat-
alyst bed 208 has increased by a threshold amount
and/or whether the temperature in the catalyst bed 208
is increasing at the first or the second predetermined rate.
Otherwise, the slope of the line T4-T3 versus time may
be continuously calculated to provide the same result.
[0043] In the present illustrative embodiment, the first
control section TDY-1 first determines whether the dif-
ference between TDY_STEADY and TDY_FLOAT
(TDY_STEADY - TDY_FLOAT) is greater than or equal
to a threshold value, and if it is, then TDY-1 activates an
alarm state, such as a Hi-alarm state, which indicates
that the temperature in the catalyst bed 208 has in-

creased by the threshold amount. The Hi-alarm state
continues to be held active by the first control section
TDY-1 as long as TDY-1 continues to determine that the
difference between TDY_STEADY and TDY_FLOAT is
equal to or greater than the threshold value. If, after the
Hi-alarm state is activated, the difference between
TDY_STEADY and TDY_FLOAT becomes smaller than
the threshold value, then the Hi-alarm state is deactivat-
ed. In the present illustrative embodiment, the threshold
value is 1.1°C, but it may be varied depending on the
desired sensitivity of the monitoring assembly and sulfur
tolerance of the system with which the monitoring as-
sembly is being used. If the first control section TDY-1
determines that the difference between TDY_STEADY
and TDY_FLOAT is less than the threshold value, then
the first control section TDY-1 continues to monitor the
temperature differences between newly received TE-4
and TE-3 temperature values and comparing them to
TDY_STEADY without activating an alarm state, and if
an alarm state has been previously activated, TDY-1 de-
activates the alarm state.
[0044] In the present embodiment, when the first con-
trol section TDY-1 determines that the difference be-
tween TDY_STEADY and TDY_FLOAT is equal to or
greater than the threshold value, the first control section
TDY-1 then monitors the change in TDY_FLOAT and
determines whether TDY_FLOAT is decreasing at the
first predetermined rate, i.e. greater than 2.2°C/day. The
rate of TDY_FLOAT drop is proportional to the sulfur
breakthrough concentration in the fuel, and thus, a de-
termination that TDY_FLOAT decreases at the first pre-
determined rate indicates that the sulfur breakthrough
concentration in the fuel is greater than the predeter-
mined concentration, i.e. 200 ppb. If the first control sec-
tion TDY-1 determines that the rate of TDY_FLOAT is at
the first predetermined rate, then TDY-1 controls the sys-
tem being monitored so as to activate an escalated alarm
to a Hi-Hi-Alarm, which causes one or more predeter-
mined actions to occur. These predetermined actions in-
clude one or more of: activation of the Hi-Hi alarm indi-
cating high sulfur breakthrough concentration in the fuel,
controlling the flow of fuel to the system so as to stop or
limit the fuel flow to the system, controlling the flow of
fuel to the processing assembly so as to stop or limit the
fuel flow to the processing assembly, controlling the des-
ulfurizer assembly so as to require changing or regener-
ation of the operating desulfurizer bed, and controlling
the flow of fuel through the desulfurizer assembly so that
the fuel is conveyed to another desulfurizer bed. In mul-
tiple-fuel systems, which operate on one or more of a
plurality of fuels each of which is independently desul-
furized, and which can switch from one fuel to another
or blend the fuels for continuous use of two or more fuels,
the predetermined actions may also include switching
operation of the system from one fuel to another by stop-
ping the flow of the one fuel and controlling to supply
another fuel to the system, or switching from blended fuel
operation to single fuel operation by inhibiting supply of
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one of the fuels to the system.
[0045] In certain embodiments, when the first control
section TDY-1 determines that the rate of TDY_FLOAT
drop is equal to the first predetermined rate, then the
TDY-1, after activating the Hi-Hi-alarm, determines
whether the rate of the TDY_FLOAT drop is equal to the
second predetermined rate which is greater than the first
predetermined rate. A determination that the rate at
which TDY_FLOAT is decreasing is equal to the second
predetermined rate indicates that the concentration of
sulfur breakthrough in the fuel is very high, i.e. 800 ppb,
and increasing at a high rate, and that a more severe
action is required to prevent sulfur poisoning in the sys-
tem. If the first control section TDY-1 determines that the
rate of TDY_FLOAT drop is equal to the second prede-
termined rate, then TDY-1 activates a Hi-Hi-Hi alarm,
which has an escalation of the Hi-Hi alarm and which
causes one or more predetermined actions to be taken
by the system. These predetermined actions are more
severe than the action(s) taken during activation of the
Hi-Hi alarm. For example, the predetermined actions tak-
en in response to the Hi-Hi-Hi alarm include inhibiting the
flow of fuel to the fuel cell or fuel utilization device or
inhibiting the flow of fuel to the system, and/or tripping of
the plant.
[0046] If the first control section TDY-1 determines that
the rate of TDY_FLOAT drop is less than the first prede-
termined rate, then the first control section TDY-1 con-
tinues to monitor the temperature differences between
newly received T4 and T3 temperature values to deter-
mine TDY_FLOAT, to compare the new TDY_FLOAT
values to TDY_STEADY and to monitor the rate of
TDY_FLOAT drop. The steps performed by the controller
assembly 501 to control the sulfur breakthrough detector
106a and to monitor the amount of sulfur breakthrough
in the fuel are described in more detail below with refer-
ence to FIG. 4B.
[0047] In accordance with the method described
above, the first control section TDY-1 determines wheth-
er or not the concentration of sulfur breakthrough in the
fuel is greater than the predetermined concentration
based on the rate of the temperature increase in the cat-
alyst bed 208, which is related to the rate of sulfur poi-
soning of the reforming catalyst. Although in the illustra-
tive embodiment described above, the first control sec-
tion TDY-1 activates an alarm state when the tempera-
ture in the catalyst bed 208 increases by 2.2°C and then
escalates the alarm and/or controls to take one or more
predetermined actions when the temperature in the cat-
alyst bed 208 increases at the first predetermined rate
of more than 2.2°C per day (24 hours) and when the
temperature in the catalyst bed 208 increases at the sec-
ond predetermined rate of 8.8°C per day, it is understood
that these alarm and action triggering values may be var-
ied depending on accuracy requirements of the system
and the sensitivity of the system to sulfur-containing com-
pounds. Thus, for example, when the system has a lower
sensitivity to the presence of sulfur-containing com-

pounds, the first predetermined rate of the temperature
increase in the catalyst bed 208, and of the corresponding
drop in TDY_FLOAT, that triggers one or more predeter-
mined actions to be performed by TDY-1 may be greater
than 2.2°C per day. In addition, the alarms activated
and/or actions controlled by the first control section TDY-
1 based on the determinations made during monitoring
of the temperature differences between T3 and T4 may
be varied. However, it is understood that the first control
section TDY-1 may be able to activate a series of alarms
and/or take a series of actions in an escalating order
based on the determined rate of temperature increase in
the catalyst bed, or the determined rate of TDY_FLOAT
drop, and the corresponding reforming catalyst degrada-
tion. Thus, for example, the first control section TDY-1
may only activate a Hi-alarm state when the temperature
increases by the threshold amount, alerting an operator
of such increase, and may increase the alarm state to
Hi-Hi-alarm state when the temperature increases at the
first predetermined rate, controlling the system to perform
one or more predetermined actions. The controller may
further control the system to perform more severe ac-
tions, such as tripping of the plant, if the temperature
increases at the second predetermined rate, e.g. 8.8°C
per day.
[0048] As mentioned above, the controller assembly
501 also controls the heating of the heater 206a so that
the fuel gas is heated to the predetermined temperature
T3 without overheating the heater 206a as measured at
T1 and T2. As shown in FIG. 3A, the controller assembly
501 includes a heater temperature controller TC-1 and
a reactor inlet temperature controller TC-2, which control
the heater based on the temperatures in the heater 206a
and in the reforming catalyst 208, respectively. The tem-
perature controllers TC-1 and TC-2 use temperature
readings from temperature sensors T1/T2 and T3, which
detect temperatures in the heater 206a and reforming
catalyst 208. In particular, the heater temperature con-
troller TC-1 has a set point temperature (SP) which cor-
responds to the maximum continuous operating temper-
ature of the heater, and receives temperature measure-
ments (process variable, or PV) from one of the temper-
ature sensors T1 or T2. In this illustrative embodiment,
the set point temperature of the heater temperature con-
troller TC-1 is 650°C, but it may be varied depending on
the type of heater used and desired amount of heating
to be provided to the fuel. The reactor inlet temperature
controller TC-2 also has a set point temperature (SP)
which corresponds to the desired temperature of the re-
actor inlet, and receives temperature measurements
(PV) from the temperature sensor T3. In the present il-
lustrative embodiment, the set point temperature of the
reforming catalyst controller TC-2 is 500°C, but it may be
varied depending on the desired lower detection limit of
the sulfur breakthrough detector as well as the types of
sulfur-containing compounds present in the fuel and the
types of sulfur-containing compounds being detected. In
order to assure that the poisoning reactions occur with
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all or most of the sulfur-containing compounds in the fuel,
the set point temperature in the reforming catalyst should
be in the range of 450°C to 600°C, with the temperature
range of 475°C-550°C being optimal. Higher tempera-
tures are used to provide lower levels of detection of sul-
fur breakthrough. For example, operation at 450°C may
detect sulfur breakthrough down to 100 ppb whereas op-
eration at 500°C may provide detection down to 30 ppb.
[0049] As also shown in FIG. 3A, a control variable
output (CV) of the heater temperature controller TC-1
and a control variable output (CV) of the reactor inlet
temperature controller TC-2 are provided to a low selec-
tor 209. The low selector selects the lower output of these
two controllers TC-1 or TC-2, so that the heating of the
heater 206a is controlled based on the selected lower
setting. In this way, overheating of the heater 206a can
be avoided, particularly if the fuel flow through the mon-
itoring assembly is low and the temperature in the reactor
inlet is not able to achieve the set point of the reactor
inlet temperature controller 206a. The heater tempera-
ture controller TC-1, the reactor inlet temperature con-
troller TC-2, and the low selector 209 are used for con-
trolling the heater 206a whenever power is provided to
the heater 206 as described in more detail below with
reference to FIG. 4A.
[0050] Finally, the controller assembly 501 also deter-
mines whether the fuel flow rate through the sulfur break-
through monitoring assembly is stable and sufficiently
high so as to maintain accurate and precise monitoring
of the sulfur breakthrough. As discussed above, the mon-
itoring of the fuel flow rate through the sulfur breakthrough
assembly is used to determine if the fuel flow rate is such
that the space velocity and superficial velocity of the fuel
through the sulfur breakthrough assembly are within the
defined ranges. That is, the fuel flow rate is controlled so
that the space velocity is in the range of 30,000/hr to
120,000/hr and the superficial velocity is in the range of
7 to 60 cm/sec. As shown in FIG. 3A, the controller as-
sembly 501 includes a second control section TDY-2
which receives temperature measurements from temper-
ature sensors T4 and T5 and determines whether the
flow rate is high and stable based on these temperature
measurements. In particular, the second control section
TDY-2 compares the temperature readings from T4 and
T5 by subtracting the T5 temperature measurement from
the T4 temperature measurement, i.e. T4-T5, to obtain
a temperature difference value dT. The second control
section TDY-2 then determines whether the difference
dT between these temperature measurements is smaller
than a predetermined difference and whether the differ-
ence dT varies by more than a predetermined amount.
In the present embodiment, the second control section
TDY-2 determines whether dT(T4 - T5) is smaller than
80°C and whether or not the variations in dT are greater
than 4°C/hr. If TDY-2 determines that the dT is smaller
than 80°C and the variations in dT are smaller than
4°C/hr, then TDY-2 determines that the fuel flow rate
through the monitoring assembly is stable and sufficiently

high. If it is determined that dT is greater than 80°C, then
TDY-2 determines that the flow rate is not high enough
for accurate and precise monitoring by the monitoring
assembly. In response to this determination, TDY-2 ac-
tivates one or more alarms, such as an alarm indicating
that the flow rate of the fuel should be increased and/or
an alarm controlling the system to increase the fuel flow
rate through the monitoring assembly. If it is determined
that the variations in dT are greater than 4°C, then TDY-
2 determines that the flow rate is not sufficiently stable
and activates one or more alarms. These alarms may
include an alarm indicating that the flow rate is not stable
and/or an alarm controlling the monitoring assembly to
suspend monitoring of the sulfur breakthrough in the fuel
until the flow rate is stabilized. It is noted that the dT alarm
values used by TDY-2 are dependent on the design of
the device, especially the location of T5 and insulation
surrounding T5. The value of 80°C is therefore exempla-
ry, and other values higher or lower may be more appro-
priate depending on design of the sulfur breakthrough
monitoring assembly.
[0051] The temperature differences between T4 and
T5 are monitored by TDY-2 concurrently with the moni-
toring of the temperature differences between T3 and T4
by the first control section TDY-1. In addition to deter-
mining whether the flow rate through the sulfur break-
through detector is stable and sufficiently high, the mon-
itoring by TDY-2 can also be used for confirming deter-
minations of sulfur poisoning by TDY-1. This is done be-
cause a sudden increase in the flow rate of fuel through
the sulfur breakthrough detector can result in a de-
creased rate of reforming and therefore in a temperature
drop across the reforming catalyst bed, which can be
interpreted by TDY-1 as sulfur poisoning. When the tem-
perature drop across the reforming catalyst bed is caused
by the increase in the fuel flow rate, the temperature dif-
ference between T4 and T5 decreases. However, when
the temperature drop across the reforming catalyst bed
is caused by sulfur poisoning, the temperature difference
between T4 and T5 is nearly constant or may increase
slightly. As a result, when TDY-1 determines that
TDY_FLOAT (difference between T3 and T4) drops at
the first or second predetermined rate, the second control
section TDY-2 will also detect a steady or slight increase
in the difference between T4 and T5 due to greater heat
loss from the fuel in the outlet section of the sulfur break-
through detector caused by the higher temperature at
T4 . In certain embodiments, the determination by TDY-
2 that the difference between T4 and T5 is increasing at
a third predetermined rate can be used to confirm that
sulfur poisoning of the reforming catalyst has occurred.
In such embodiments, when the first control section TDY-
1 determines that TDY_FLOAT is decreasing at the first
or second predetermined rate, the control assembly may
confirm that the difference between T4 and T5 is steady
or slightly increasing prior to performing one or more pre-
determined actions.
[0052] In some embodiments, the stability of the fuel
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flow rate during operation can be determined based on
other variables or measurements, such as based on the
temperature at the reactor inlet T3. In particular, the fuel
flow rate through the monitoring assembly is determined
to be stable and sufficiently high when the temperature
of the reactor inlet is stable at or near the temperature
set point (SP), e.g. temperature measured by T3 is at SP
= 500°C 63°C. In the embodiment of FIG. 1, the fuel flow
rate is controlled by the fuel flow controller 15. Converse-
ly, in the embodiment of FIG. 2, the fuel flow is driven by
the pressure drop in the parallel fuel processing system
110, and therefore will vary depending on the flow rate
of humidified fuel through the parallel fuel processing sys-
tem, which is mainly dependent on fuel cell power plant
output. Particularly in the embodiment of FIG. 2, it is use-
ful to use T3 and TDY-2 to confirm the desired and stable
flow rate is present.
[0053] A second embodiment of the sulfur break-
through monitoring assembly 306, which can be used in
the fuel utilization system of FIG. 1 or in the fuel cell sys-
tem of FIG. 2, is shown in FIG. 3B. The sulfur break-
through monitoring assembly 306 of FIG. 3B is suitable
for monitoring sulfur breakthrough in fuel that includes
oxygen, such as anaerobic digester gas (ADG) or landfill
gas which often contains up to 1% oxygen. The sulfur
breakthrough detector of FIG. 3B can accept fuel with up
to 5% oxygen. As in the first embodiment of the monitor-
ing assembly 206 shown in FIG. 3A, the monitoring as-
sembly 306 of FIG. 3B comprises a heater 306a which
receives fuel and water (FIG. 1) or humidified fuel (FIG.
2) and heats the fuel to the predetermined temperature.
As discussed above, if the monitoring assembly 306 is
used in the system of FIG. 1, the fuel flow is independently
controlled in the fuel flow controller 15 while the water is
independently controlled in the water flow controller 8,
and the fuel and water are then sent to the heater 6a,
while the monitoring assembly 306 used with the system
of FIG. 2 receives humidified fuel from the humidifier 108,
and the humidified fuel is heated in heater 106a. In the
present embodiment, the heater heats the fuel such that
upon deoxidation of any oxygen that may be present in
the fuel, the predetermined temperature at the reactor
inlet is between 450°C and 600°C, and is preferably be-
tween 475°C and 550°C. Thus, in the present embodi-
ment, the control point for the predetermined temperature
is measured toward the exit of the deoxidizer catalyst by
temperature element T4 at which point any oxygen in the
fuel will have reacted with the fuel thereby heating the
fuel. For example, the temperature rise from each 0.1%
oxygen in the fuel may be 3°C or 4°C, depending on the
steam to carbon ratio and carbon dioxide level in the fuel.
As in the first embodiment, the predetermined tempera-
ture in this embodiment may be varied based on the de-
sired detection level as well as the types of sulfur-con-
taining compounds being monitored and the system re-
quirements. The construction of the heater 306a in this
embodiment is similar to the heater 206a of FIG. 3A and
detailed description thereof is omitted.

[0054] As shown in FIG. 3B, the monitoring assembly
further comprises a sulfur breakthrough detector (SBD)
306b, which receives heated fuel from the heater 306a
and further heats the fuel through deoxidation in the de-
oxidizer catalyst 309. The SBD 306b comprises a hous-
ing 307, a deoxidizing catalyst bed 309 and a reforming
catalyst bed 308, with both beds being disposed in the
housing 307. The deoxidizing bed 309 and the reforming
bed 308 are disposed in series so that the heated fuel
first passes through the deoxidizing bed 309, where ox-
ygen content in the fuel is removed, and then through
the reforming bed 308, in which the fuel is reformed so
as to increase hydrogen content in the fuel. The dimen-
sions of the housing 307 and the catalyst beds 309, 308
may vary dependent on the amount of fuel flow to be
conveyed through the monitoring assembly and the de-
sired sensitivity of the monitoring assembly 306.
[0055] As discussed above, when the monitoring as-
sembly is used with a fuel cell system of FIG. 2, about
0.2% of the total humidified fuel is conveyed from the
connecting line 107 to the sulfur breakthrough monitoring
assembly at a flow rate of about 6 slpm, and in certain
embodiments, the humidified fuel is conveyed to the
monitoring assembly at a flow rate of 0.5 to 3 slpm. Also,
when the monitoring assembly is used with the fuel uti-
lization system of FIG. 1, the fuel is conveyed to the mon-
itoring assembly at a flow rate of 0.5 to 2 slpm and is
blended with water for humidification by the addition of
water from the water flow controller 8 prior to being heat-
ed in the heater 306a. In this illustrative embodiment, the
housing of the sulfur breakthrough monitoring assembly
306 is a substantially cylindrical housing formed from me-
tallic materials with a diameter of 1 inch (2.54 cm) and a
height of 3 inches (7.62 cm). Also in this embodiment,
the housing houses therein the deoxidizing catalyst bed
309 which includes 7.5 grams of deoxidizing catalyst with
a depth of about 25 mm, and the reforming catalyst bed
308 which includes 5 grams of nickel-based reforming
catalyst with a depth of about 9 mm. The deoxidizing
catalyst may be in the form of pellets or the like supported
by a screen disposed in the housing and separating the
deoxidizing bed from the reforming catalyst bed. The re-
forming catalyst having the properties described above
with respect to the first embodiment of FIG. 3A is also
used in the reforming catalyst bed 308 of the second
embodiment of FIG. 3B and thus, detailed description
thereof is omitted.
[0056] As shown in FIG. 3B, temperatures in the sulfur
breakthrough detector 306b are sensed and monitored
by a plurality of temperature sensors T3, T4, T5 and T6,
which can be in the form of thermocouples. A third tem-
perature sensor, or thermocouple, T3 senses the tem-
perature of the heated fuel flowing through an inlet portion
307a of the housing 307 and prior to entering the deox-
idizing catalyst bed 309. A fourth temperature sensor, or
thermocouple, T4 senses the temperature in the deoxi-
dizing catalyst bed 309, a fifth temperature sensor, or
thermocouple, T5 senses the temperature in the reform-
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ing catalyst bed 308 and a sixth temperature sensor, or
thermocouple, T6 senses the temperature of the fuel
flowing through an outlet portion 307b of the housing 307
after the fuel has passed through the reforming catalyst
bed 308. The temperatures sensed by the temperature
sensors T3, T4, T5 and T6 are used for monitoring sulfur
breakthrough concentration in the fuel and for determin-
ing whether the amount of sulfur breakthrough in the fuel
is increasing at a high rate. As also described, the tem-
peratures sensed by the temperature sensors T1 to T6
may also be used for controlling the heating of the heater
and for determining whether the fuel flow rate through
the sulfur breakthrough monitoring assembly is sufficient
to maintain accurate and precise monitoring of the sulfur
breakthrough. The fuel flow rate monitoring is used for
controlling the flow of fuel through the sulfur breakthrough
assembly 306b so that the space velocity of the fuel
through the reforming catalyst bed 308 is between
30,000/hr and 120,000/hr and the superficial velocity of
the fuel through the reforming catalyst is between 7
cm/sec and 60 cm/sec.
[0057] During operation of the sulfur breakthrough
monitoring assembly 306, desulfurized and humidified
fuel portion is heated to a constant predetermined tem-
perature by the heater 306a and thereafter guided
through the sulfur breakthrough detector 306b. In the sul-
fur breakthrough detector 306b, the heated fuel is con-
veyed through the deoxidizing catalyst bed 309, where
the oxygen content in the fuel is removed using the de-
oxidizing catalyst, and then the deoxidized fuel is partially
reformed by the reforming catalyst in the reforming cat-
alyst bed 308 before being output from the housing 307
of the sulfur breakthrough detector 306b. As discussed
above, the temperature in the reforming catalyst bed 308
is dependent on the rate of the reforming process by
which the fuel is reformed, which is directly related to the
condition of the reforming catalyst in the reforming cata-
lyst bed 308. Therefore, the concentration of sulfur break-
through in the fuel and the rate of increase of the sulfur
breakthrough in the fuel are monitored by detecting and
monitoring the increase in the temperature in the reform-
ing catalyst bed 308.
[0058] Similar to the first embodiment of FIG. 3A, the
monitoring assembly 306 of FIG. 3B has the controller
assembly 501, which includes one or more control sec-
tions and/or one or more controllers that receive temper-
ature readings from the thermal sensors T1 to T6 and
determine whether or not the concentration of sulfur
breakthrough in the fuel is greater than the predeter-
mined concentration. As shown in FIG. 3B, the controller
assembly 501 includes a first control section TDY-1, or
first controller, which receives temperature readings from
temperature sensors T4 and T5 and determines, by com-
paring these temperature readings over time, the rate at
which the temperature is increased in the reforming cat-
alyst bed 308, whether the rate of the temperature in-
crease in the reforming catalyst bed 308 is equal to the
first predetermined rate and whether the rate is equal to

the second predetermined rate. As discussed herein
above, in the present illustrative embodiment, the first
predetermined rate is greater than 1.1°C per day (24
hours) and the second predetermined rate is greater than
4.4°C per day, which correspond to sulfur breakthrough
concentrations of greater than 200 ppb and greater than
800 ppb, respectively. When greater sensitivity to sulfur
breakthrough is required, the first predetermined rate is
greater than 0.55°C per day, corresponding to sulfur
breakthrough concentration of greater than 100 ppb.
When the first control section TDY-1 determines that the
temperature in the reforming catalyst bed 308 increases
at a rate smaller than the first predetermined rate, e.g.
1.1°C per day (24 hours) or less, the amount of sulfur
breakthrough in the fuel is smaller than the predeter-
mined concentration. This determination indicates that
the desulfurizer assembly or desulfurizing system of the
system is operating properly with sufficient desulfuriza-
tion of the fuel, and that the operating desulfurizer has
not reached its absorbent/adsorbent capacity. In con-
trast, when the first control section TDY-1 determines
that the temperature in the reforming catalyst bed 308 is
increasing at the first predetermined rate, e.g. greater
than 1.1°C per day, then it is determined that the con-
centration of sulfur breakthrough in the fuel is equal to or
greater than the predetermined concentration. This de-
termination indicates a potential problem with the desul-
furizer assembly or desulfurizing system, such as satu-
ration of the operating desulfurizer bed(s).
[0059] As discussed above with respect to the first em-
bodiment, if the first controller TDY-1 determines that the
temperature in the reforming catalyst bed 308 is increas-
ing at the first predetermined rate, the first controller TDY-
1 controls to activate one or more alarms, such as an
alarm causing one or more predetermined actions to oc-
cur. These one or more alarms include, but are not limited
to, activating a HI alarm or an alarm state, activating an
alarm controlling the flow of fuel to the processing as-
sembly of the fuel cell system so as to stop or limit the
flow of fuel conveyed to the processing assembly, acti-
vating an alarm controlling the supply of fuel to the system
so as to stop or limit the flow of fuel to the system, and
activating an alarm controlling the desulfurizer assembly
so as to redirect the flow of fuel to be desulfurized through
another desulfurizer bed and/or to regenerate or replace
the desulfurizer bed that has reached its absorbing/ad-
sorbing capacity. In addition, if the first control section
TDY-1 determines whether the temperature in the re-
forming catalyst bed 308 is increasing at the second pre-
determined rate, which is higher than the first predeter-
mined rate, then TDY-1 activates one or more escalated
alarms, such as a Hi-Hi alarm, which causes one or more
predetermined actions of increased severity to occur. As
discussed above, these predetermined actions may in-
clude inhibiting the flow of fuel to the fuel cell or fuel uti-
lization device, inhibiting the flow of fuel to the system,
and/or tripping the system.
[0060] The operation of the first control section TDY-
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1 in this embodiment is similar to the operation of the first
control section TDY-1 of the first embodiment described
above, except that the TDY-1 makes its determinations
based on the temperature readings from the temperature
sensors T4 and T5. Specifically, the initial temperature
difference value TDY_STEADY is established by the first
control section TDY_1 in this embodiment by determining
the difference between received temperature readings
from T4 and T5 by subtracting T5 from T4, i.e. T4 - T5.
As in the first embodiment, the TDY_STEADY value can
be established by averaging the temperature difference
values between T4 and T5 over a predetermined time
period of n hours, such as 3 hours, and may be further
adjusted over another time period, such as 24 hours.
After TDY_STEADY is established, the first control sec-
tion TDY-1 continuously obtains temperature difference
values TDY_FLOAT by comparing received temperature
readings from the temperature sensors T4 and T5 by
subtracting T5 from T4, i.e. T4 - T5. As in the first em-
bodiment, the temperature difference values between T4
and T5 for determining TDY_FLOAT may be averaged
over n hours, such as 3 hours. The TDY_STEADY and
continuously determined TDY_FLOAT values are then
compared and TDY_FLOAT values are monitored as de-
scribed above to determine whether the temperature in
the reforming catalyst bed 308 has increased by the
threshold amount, e.g. 2.2°C, and/or whether the tem-
perature in the reforming catalyst bed 308 is increasing
at the first predetermined rate and at the second prede-
termined rate. Since the operation of the first control sec-
tion TDY-1 in this embodiment is only different in the tem-
perature sensor readings used by the first control section
TDY-1, i.e. T4 and T5, for determining TDY_FLOAT and
TDY_STEADY, and is the same in other respects to the
operation of the first control section TDY-1 of the first
embodiment described above, a further detailed descrip-
tion thereof will be omitted. In addition, the operation of
controller assembly 501 to control the sulfur break-
through detector 306a and to monitor the concentration
of sulfur breakthrough in the fuel are described in more
detail below with reference to FIG. 4B.
[0061] As in the first embodiment of FIG. 3A, it is un-
derstood that the alarm and action triggering values are
not limited to 2.2°C as the threshold temperature in-
crease, greater than 2.2°C per day as the first predeter-
mined rate and greater than 8.8°C per day or greater as
the second predetermined rate. These values may be
varied depending on the system requirements, such as
the system’s accuracy requirements, and the sensitivity
of the system to sulfur-containing compounds. In addi-
tion, the alarms activated and/or actions controlled by
the first control section TDY-1 based on the determina-
tions made during monitoring of the temperature differ-
ences between T4 and T5 may be varied.
[0062] In addition to monitoring the rate at which the
sulfur breakthrough in the fuel increases, the controller
assembly 501 also controls the heating provided by the
heater 306a and determines whether the flow rate of fuel

through the monitoring assembly 306 is stable or con-
stant and sufficiently high so as to provide an accurate
sulfur breakthrough determination. The controller as-
sembly 501 in FIG. 3B includes a heater temperature
controller TC-1 and a deoxidizing catalyst temperature
controller TC-2, which control the heater based on the
temperatures in the heater 306a and in the deoxidizing
catalyst bed 309, respectively. The temperature control-
lers TC-1 and TC-2 use temperature readings from tem-
perature sensors T1/T2 and T4, which detect tempera-
tures in the heater 306a and deoxidizing catalyst 309.
[0063] The operation of the heater temperature con-
troller TC-1 and the deoxidizing catalyst temperature
controller TC-2 of this embodiment are similar to the op-
eration of the heater temperature controller TC-1 and the
reforming catalyst temperature controller TC-2 of the first
embodiment. As in the first embodiment, each tempera-
ture controller TC-1 and TC-2 has a set point temperature
(SP) which correspond to the desired temperatures in
the heater and in the deoxidizing catalyst bed 309, re-
spectively. An exemplary set point temperature for TC-
1 is 650°C, while an exemplary set point temperature for
TC-2 is 500°C. However, these set point temperatures
may be varied based on the desired amount of heating
to be provided by the heater to the fuel, and based on
the desired detection level for sulfur breakthrough as well
as the types of sulfur-containing compounds being mon-
itored. To assure that the poisoning reactions occur with
all or most of the sulfur-containing compounds in the fuel,
the set point temperature for TC-2 should be in the range
of 450°C to 600°C, and preferably 475°C-550°C. As dis-
cussed above, control variable outputs (CV) of the tem-
perature controllers TC-1 and TC-2 are provided to a low
selector 310 which selects the lower output of these tem-
perature controllers so as to prevent overheating of the
heater. The heating of the heater 306a is controlled based
on the selected lower setting. As mentioned above, the
control of the heater 306a during the system’s start-up
operation are described below with reference to FIG. 4A.
[0064] Finally, the controller assembly 501 also deter-
mines whether the fuel flow rate through the sulfur break-
through monitoring assembly is stable and sufficiently
high so as to maintain accurate and precise monitoring
of the sulfur breakthrough. This determination is per-
formed by a second control section TDY-2 which receives
temperature measurements from temperature sensors
T5 and T6 and determines whether the flow rate is high
and stable based on these temperature measurements.
The determinations by TDY-2 may also be used to con-
firm the determinations of sulfur poisoning by TDY-1 as
described above. The operation of the second control
section TDY-2 in this embodiment is similar to the oper-
ation of TDY-2 of the first embodiment, and therefore,
detailed description thereof is omitted.
[0065] As shown in FIG. 3B, the control assembly 501
also includes a third control section TDY-3 which re-
ceives temperature readings from temperature sensors
T3 and T4 and determines the difference between the
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T3 and T4 readings. Based on the differences between
T3 and T4 readings, the third control section TDY-3 can
determine the level of oxygen in the fuel. In FIG. 3A T3
and T4 are used for determining sulfur breakthrough. In
FIG. 3B, T3 and T4 are used to determine oxygen content
of the fuel and T4 and T5 are used to determine sulfur
breakthrough.
[0066] In some embodiments, the stability of the fuel
flow rate during operation can be determined based on
other variables or measurements, including based on the
temperature in the reforming catalyst bed, based on the
fuel cell power plant load, and by independent fuel flow
measurement such as by using a flow meter, all of which
are described above.
[0067] The operation of the controller assembly 501 is
shown in FIG. 4A, which shows a flow diagram of con-
trolling the heater 206a, 306a of the monitoring assembly
during start-up and operation of the system, and in FIG.
4B, which shows a flow diagram of monitoring the sulfur
breakthrough in the fuel based on the temperatures
sensed in the sulfur breakthrough detector 206b, 306b.
As shown in FIG. 4A, when the operation of the system
which uses the monitoring assembly 6, 106, 206a ,306a
is started, the controller assembly 501 of the monitoring
assembly determines whether or not fuel is flowing to the
system in a first step S1. This determination may be made
based on one or more signals from the system or by using
a flow meter. If the controller assembly 501 determines
in step S1 that the fuel is not flowing, then the operation
proceeds to step S2 in which power to the heater is turned
OFF and outputs of both temperature controllers TC-1
and TC-2 are set to 0%. After step S2, the controller as-
sembly 501 operation returns to the first step S1 to mon-
itor for fuel flow. If in step S1 it is determined that the fuel
is flowing, then the operation of the controller assembly
proceeds to step S3 in which power is enabled to the
heater as controlled by temperature controllers TC-1 and
TC-2. In this illustrative embodiment, the controllers TC-
1 and TC-2 provide 120V of power to the heater 6a, 106a,
206a, 306a. Operation of the controller assembly then
proceeds to steps S4 and S5 to determine the percent
power to provide to the heater. In step S4, the heater
temperature controller TC-1 set point is set to a first pre-
determined temperature, which corresponds to a desired
maximum allowable temperature of the heater. In this
embodiment, the set point for the heater is set by TC-1
to 650°C, but may be varied in other embodiments de-
pending on the heating requirements. Once the TC-1 set
point is set in step S4, in step S6, the controller TC-1
produces a percent output to the heater. For example, if
the heater temperature is below set point, TC-1 output
will increase, and if the heater temperature is above set
point, the TC-1 output will decrease.
[0068] In parallel with the actions in steps S4 and S6,
steps S5 and S7 take place. In step S5, the set point of
the temperature controller TC-2 is ramped up until the
set point reaches a second predetermined temperature,
which corresponds to a desired temperature of the inlet

region above the reforming catalyst bed as measured at
T3 in the embodiment of FIG. 3A or to a desired temper-
ature of the deoxidizing catalyst bed as measured by T4
in the embodiment of FIG. 3B. In particular, the set point
(SP) of the TC-2 controller is first set to be equal to the
process variable (PV), starting with a minimum value of
110°C. The process variable (PV) is the actual measured
temperature in the inlet region above the reforming cat-
alyst bed in the embodiment of FIG. 3A and the deoxi-
dizing catalyst bed in the embodiment of FIG. 3B. The
SP of the TC-2 controller is then ramped up at a rate of
1°C per minute until SP reaches 500°C. If at any point
during the ramping of the SP, the difference between the
SP and the PV is greater than 33°C, i.e. SP-PV>33°C,
then the SP is reset so that the SP is equal to the PV,
i.e. SP = PV. This ramping of the SP and resetting of SP
if PV lags behind the SP by more than 33°C provides for
gradual heating up of the catalyst in the sulfur break-
through detector. It is understood that the temperature
difference triggering the reset of the SP, i.e. 33°C, is il-
lustrative and may be varied depending on the system
requirements.
[0069] After the set point of the TC-2 controller is set
in step S5, in step S7 the controller TC-2 produces a
percent output to the heater. For example, if the meas-
ured temperature PV is below set point, TC-2 output will
increase, and if the measured temperature PV is above
set point, the TC-2 output will decrease.
[0070] In step S8, the TC-1 output from step S6 is com-
pared to the TC-2 output from step S7, and the lesser of
the two outputs is selected as the final output to be sent
to the heater, e.g., in a low selector 209 of FIG. 3A and
310 of FIG. 3B. As mentioned above, by selecting the
lower of the TC-1 and TC-2 controller outputs, the low
selector prevents overheating of the heater, particularly
when the fuel flow rate through the monitoring assembly
is low.
[0071] The operation of the controller assembly 501
then proceeds to step S9 in which the controller assembly
determines whether the temperature sensed by the third
temperature sensor T3 of FIG. 3A or the fourth temper-
ature sensor T4 of FIG. 3B is equal to 500°C or is around
500°C, i.e. 50063°C. As discussed above, the third tem-
perature sensor T3 senses the temperature in the inlet
region above the reforming catalyst bed in the monitoring
assembly of FIG. 3A, and in the monitoring assembly of
FIG. 3B, the fourth temperature sensor T4 senses the
temperature in the deoxidizing catalyst bed. If it is deter-
mined that the temperature sensed by the third temper-
ature sensor T3 of FIG. 3A or the fourth temperature sen-
sor T4 of FIG. 3B is not equal to, or around, 500°C, then
the operation of the controller assembly 501 returns to
step S3. If it is determined that the temperature sensed
by the third temperature sensor T3 of FIG. 3A or the fourth
temperature sensor T4 of FIG. 3B is equal to 500°C63°C,
then the operation of the controller assembly proceeds
to step S10 of FIG. 4B. Although in step S9, the set point
temperature of the third temperature sensor T3 of FIG.
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3A or the fourth temperature sensor T4 of FIG. 3B is
500°C, it is understood that this set point temperature is
illustrative and may be varied depending on the require-
ments of the system and the monitoring assembly. The
set point temperature in step S9 can be selected from a
range of temperatures between 450 and 600°C, and pref-
erably between 475 and 550°C. In addition, the variability
of the temperature may be smaller or larger than 3°C,
depending on the system requirements and how the fuel
flow rate through the monitoring assembly is determined.
[0072] After the temperature above the reforming cat-
alyst bed (either above the reforming bed in FIG. 3A or
the deoxidizing bed in FIG. 3B) sensed by the tempera-
ture sensor T3 of FIG. 3A or T4 of FIG. 3B reaches
500°C63°C, the operation of the controller assembly 501
proceeds to step S10 of FIG. 4B which shows a flow
diagram for operating and controlling the sulfur break-
through monitoring assembly of FIGS. 3A and 3B. In step
S10, the controller assembly 501 determines whether
the fuel flow rate to the sulfur detection monitoring as-
sembly is at a high stable value for a predetermined time
period of n hours. The predetermined time period in this
illustrative embodiment is 3 hours, but may be varied
depending on the system requirements. As described
above with respect to FIGS. 3A and 3B, there are several
ways of determining whether the fuel flow rate is at a high
stable. In some embodiments, this determination is ac-
complished by monitoring the measurements of the third
temperature sensor T3 of FIG. 3A or the fourth temper-
ature sensor T4 of FIG. 3B to determine whether the tem-
perature sensor readings are at or near the set point val-
ue, e.g. 500°C63°C, for n hours, e.g. for 3 hours. In other
embodiments, the stability and sufficiency of the fuel flow
rate is determined by comparing the temperatures
sensed by the T4 and T5 temperature sensors in the
embodiment of FIG. 3A or by comparing the tempera-
tures sensed by the T5 and T6 temperature sensors in
the embodiment of FIG. 3B to obtain a temperature dif-
ference value dT and by determining whether dT is small-
er than 30°C and whether dT variation over the n hours
is less than 64°C. Also, in some embodiments, the sta-
bility and sufficiency of the fuel flow rate are determined
by monitoring the fuel cell power plant load output and
determining whether the load output is stable over the n
hours. For example, the fuel flow stability and sufficiency
can be determined by monitoring whether the load output
of the fuel cell power plant is stable at 130 kW over the
period of 3 hours. Finally, in other embodiments, the sta-
bility and sufficiency of the fuel flow rate can be deter-
mined by independent fuel flow measurement and con-
trol, such as by using a flow meter and a flow control
member.
[0073] If it is determined in step S10 that the fuel flow
rate is not at a high stable value, then the operation of
the controller assembly proceeds to step S11 in which
the operation returns to step S9 of FIG. 4A. If the fuel
flow rate is determined in step S10 to be at a high and
stable value for n hours, then the operation proceeds to

step S12 in which TDY_STEADY is calculated over the
initial time period of t=n hours. In the first embodiment of
the monitoring assembly shown in FIG. 3A,
TDY_STEADY is determined by subtracting the temper-
ature reading of T4 temperature sensor from the temper-
ature reading of T3, i.e. T3 - T4, and averaging the tem-
perature difference of T3-T4 over the initial n hours, e.g.
3 hours. In the second embodiment of the monitoring
assembly of FIG. 3B, TDY_STEADY is determined by
subtracting the temperature reading of T5 from the tem-
perature reading of T4, i.e. T4 - T5, and averaging the
temperature difference of T4 - T5 over the initial n hours,
e.g. 3 hours.
[0074] After calculating TDY_STEADY, the operation
of the controller assembly 501 proceeds to step S13 to
determine whether the fuel flow rate is constant. This
determination is the same or similar to the determination
in step S10. If the fuel flow rate is not constant in step
S13, then the operation proceeds to step S14 so as to
return to step S9 of FIG. 4A. If the fuel flow rate is deter-
mined to be constant, then the operation of the control
assembly proceeds to step S15 to calculate, and to con-
tinuously re-calculate, TDY_FLOAT on a rolling average
over the time periods of n hours. As discussed above
with respect to the calculation of TDY_STEADY, the cal-
culation of TDY_FLOAT in the first embodiment of FIG.
3A is performed by comparing temperature measure-
ments from T4 and T3, i.e. T3 - T4, and averaging these
temperature differences over n hours after the initial n
hours, e.g. over 3 hour periods. The calculation of
TDY_FLOAT in the second embodiment of FIG. 3B is
performed by comparing the temperature measurements
from T5 and T4, i.e. T4-T5, and averaging these temper-
ature differences over n hours after the initial n hours,
e.g. over 3 hours.
[0075] After TDY_FLOAT is calculated, or re-calculat-
ed, the operation proceeds to step S16 to compare
TDY_FLOAT with TDY_STEADY and to determine
whether TDY_STEADY - TDY_FLOAT < 0 during the
initial 24 hours, i.e. if TDY_FLOAT is greater than
TDY_STEADY. If it is determined in S16 that
TDY_FLOAT is greater than TDY_STEADY within the
initial 24 hour period, then the operation proceeds to step
S17 in which TDY_STEADY is reset to be equal to the
greater value of the calculated TDY_FLOAT, and then
returns to step S13. If TDY_FLOAT is less than or equal
to TDY_STEADY, i.e. TDY_STEADY - TDY_FLOAT ≥
0, then the operation proceeds to step S18.
[0076] In step S18, the calculated TDY_FLOAT is com-
pared to the previously established TDY_STEADY from
step S12 or S17 to determine whether TDY_FLOAT is
at least 2.2°C smaller than TDY_STEADY, that is, wheth-
er TDY_STEADY - TDY_FLOAT ≥ 2.2°C. If
TDY_STEADY - TDY_FLOAT is smaller than 2.2°C, then
the operation returns to step S13 described above, and
any Hi-alarm state previously activated is removed or
inactivated. However, if it is determined that
TDY_STEADY - TDY_FLOAT is equal to or greater than
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2.2°C, then a Hi-alarm state is activated in step S19 or
the Hi-alarm state is continued in step S19 if it has been
previously activated. This initial Hi-alarm state indicates
that sulfur is present, but since there is no time associated
with achieving the 2.2°C drop, this level is not quantita-
tive. This Hi-alarm state functions as a trigger mecha-
nism, or enabler, for the Hi-Hi and Hi-Hi-Hi alarm states
to be discussed below. If only the Hi-alarm state comes
in but the HiHi and HiHiHi do not, then the sulfur break-
through concentration is determined to be below the first
predetermined value, in this case corresponding to 200
ppb.
[0077] In step S20, the calculated TDY_FLOAT is mon-
itored to determine whether the rate at which
TDY_FLOAT decreases, or the slope of TDY_FLOAT, is
equal to the first predetermined rate. As shown in FIG.
4B, in the present embodiment the first predetermined
rate is greater than 1.1°C per day (24 hours), and in step
S20, the controller assembly determines whether the
slope of TDY_FLOAT is decreasing at the rate that is
greater than 1.1°C per day. In some embodiments,
TDY_FLOAT being monitored is first averaged over a
predetermined time period, such as 3 hours, in order to
reduce temperature signal variation and to provide more
representative average readings. If the controller assem-
bly determines in step S20 that the rate of the
TDY_FLOAT decreases at a rate lower than the first pre-
determined rate, then the operation proceeds to step
S13. However, if it is determined in step S20 that the rate
of TDY_FLOAT drop is equal to or greater than the first
predetermined rate, then the operation proceeds to step
S21 in which a Hi-Hi alarm is activated and an escalated
alarm response is performed by the controller assembly
501. As discussed above, the Hi-Hi alarm with the esca-
lated alarm response comprises one or more predeter-
mined actions, such as controlling to limit or inhibit fuel
flow to the system, activation of an alarm indicating that
the desulfurizer needs to be replaced and/or regenerat-
ed, controlling to limit or inhibit fuel flow through the op-
erating desulfurizer and/or redirecting the fuel flow to an-
other desulfurizer in standby mode, and/or switching the
fuel provided to the system in dual fuel systems.
[0078] After initiation of the Hi-Hi alarm in S21, the op-
eration proceeds to step S22 in which the controller as-
sembly determines whether the rate at which
TDY_FLOAT decreases, or the slope of TDY_FLOAT, is
equal to the second predetermined rate. As shown in
FIG. 4B, in the present embodiment the second prede-
termined rate is greater than 4.4°C per day (24 hours),
and in step S22, the controller assembly determines
whether the slope of TDY_FLOAT is decreasing at the
rate that is greater than 4.4°C per day. If it is determined
in step S22 that the rate of TDY_FLOAT drop is equal to
the second predetermined rate, then the operation pro-
ceeds to step S23 in which a Hi-Hi-Hi alarm is activated
and a further escalated alarm response is performed by
the controller assembly 501. As discussed above, the Hi-
Hi-Hi alarm with the further escalated alarm response

comprises one or more predetermined actions, which are
more severe than the actions taken in step S21, and
which may include controlling to limit or inhibit fuel flow
to the system, controlling to limit or inhibit fuel flow to the
fuel cell or the fuel utilization device, or tripping the sys-
tem.
[0079] After the Hi-Hi alarm is activated and/or prede-
termined actions are performed by the controller assem-
bly 511 in step S21, and if it is determined in step S22
that the rate of TDY_FLOAT drop is less than the second
predetermined rate, then the controller assembly 511 will
wait until the Hi-Hi alarm is deactivated and normal op-
eration of the system resumes. Also, after the Hi-Hi-Hi
alarm is activated and/or the predetermined actions are
performed by the controller assembly in step S23, then
the controller assembly 511 will also wait until the Hi-Hi-
Hi alarm is deactivated and normal operation resumes.
During these waiting time periods following step S22 or
step S23, the monitoring assembly may continue to op-
erate and to determine the rate at which the TDY_FLOAT
is increasing. In other embodiments, the monitoring as-
sembly may be placed into standby or may be turned off
by stopping the supply of fuel to the monitoring assembly
and turning OFF the power to the heater, particularly if,
after step S23, the fuel supply to the system is turned off.
After the Hi-Hi alarm and/or Hi-Hi-Hi alarm are deactivat-
ed and the system resumes normal operation, the oper-
ation of the monitoring assembly returns to step S9 of
FIG. 4A if the monitoring assembly continued operating
during the Hi-Hi alarm state or Hi-Hi-Hi alarm state, or to
step S1 of FIG. 4A if the monitoring assembly was in
standby or turned off before deactivation of the Hi-Hi
alarm state or of the Hi-Hi-Hi alarm state.
[0080] In the illustrative embodiment described above,
the first and second predetermined rates that trigger ac-
tivation of the Hi-Hi-alarm state and Hi-Hi-Hi alarm state,
respectively, are 1.1°C per day and 4.4°C per day. How-
ever, as mentioned above, these predetermined rates
may be varied depending on the system requirements
and the desired sensitivity of the monitoring assembly.
[0081] Although not shown in FIGS. 4B and 4A, the
controller assembly 501 in some embodiments also de-
termines and outputs a quantitative value of the concen-
tration of sulfur-containing compounds present in the fuel
based on the rate of drop in TDY_FLOAT. In such em-
bodiments, the amount or concentration of sulfur-con-
taining compounds is determined based on the rate of
TDY_FLOAT drop, so that the controller assembly 501
determines the concentration of sulfur-containing com-
pounds in the fuel by correlating the slope of the
TDY_FLOAT over time to the amount or concentration
of sulfur-containing compounds. In the present illustra-
tive embodiment, the first predetermined rate of
TDY_FLOAT drop is 1.1°C/day, which corresponds to
200 ppb concentration of sulfur-containing compounds
in the fuel. Based on this correspondence, the controller
assembly 501 can determine the concentration of sulfur-
containing compounds in the fuel when the rate of
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TDY_FLOAT is determined. Outputting of the concentra-
tion of sulfur-containing compounds in the fuel by the
monitoring assembly enables an operator of the system
to determine whether or not the desulfurizer assembly is
operating properly and whether or not any of the desul-
furizer beds needs, or will need, to be changed or regen-
erated. In addition, during automatic operation, the con-
troller assembly would be able to determine, based on
the determined sulfur-containing compound concentra-
tion in the fuel, whether or not to activate one or more
alarms.
[0082] As mentioned above, in certain embodiments,
the controller assembly also determines the rate at which
the sulfur breakthrough in the fuel is increasing. In such
cases, the controller assembly monitors the changes in
the slope of TDY_FLOAT over time and based on these
changes, determines the rate of sulfur breakthough in-
crease in the fuel.
[0083] FIG. 5 shows an example of the embodiment
of the sulfur breakthrough monitoring assembly of FIG.1
wherein the Fuel Utilization Device 11 is a fuel cell sys-
tem. The components of the fuel cell system in FIG. 5
which are the same or similar to those of FIG. 2 are la-
beled using the same reference numbers and detailed
description of these components is omitted. As shown in
FIG. 5, the sulfur breakthrough monitoring assembly 106
receives a portion of the desulfurized fuel from the des-
ulfurizer assembly 104 directly via the connecting line
109 without being first humidified by the humidifier as-
sembly 108. Also, in FIG. 5, the sulfur breakthrough mon-
itoring assembly 106 includes a humidifier 106c, the heat-
er 106a and the sulfur breakthrough detector 106b. The
humidifier 106c of the monitoring assembly 106 receives
the fuel conveyed through the connecting line 109 and
humidifies the fuel using water from the water supply 122.
The humidifier 106c humidifies the fuel so that the steam
to carbon ratio (S/C) of the fuel output from the humidifier
is between 1.5 and 3. Humidified fuel output from the
humidifier 106c is then supplied to the heater 106a, which
heats the humidified fuel and outputs the heated humid-
ified fuel to the sulfur breakthrough detector 106b. The
configurations of the heater and sulfur breakthrough de-
tector of the monitoring assembly are shown in FIGS. 3A
and 3B and described above.
[0084] As shown in FIG. 5, the fuel cell system 100
may also include a humidifier 108 downstream of the
connecting line 109 for humidifying the desulfurized fuel.
In such cases, the humidifier 108 receives the remaining
potion of the desulfurized fuel from the desulfurizing as-
sembly 104 via the connecting line 105 and humidifies
the fuel using water from the water supply 122. The op-
eration of the sulfur breakthrough monitoring assembly
106, controlled by the controller 501, is described above
with respect to FIGS. 3A-4B.
[0085] The operation of the sulfur breakthrough mon-
itoring assembly 206 as shown in FIG. 3A as operated
under the configuration shown in FIG. 1, with fuel and
water flow control independent of power plant operation,

was tested by conveying humidified natural gas through
the monitoring assembly and adding sulfur-containing
compounds, such as DMS, to the fuel. FIG. 6 shows a
graph of the temperatures and temperature differences
in the monitoring assembly. In FIG. 6, the X-axis repre-
sent the operating time, by hours on stream, of the sulfur
breakthrough monitoring assembly, while the Y-axis rep-
resent the temperature (°C) readings and the tempera-
ture difference determinations (dT’s in °C). As shown in
FIG. 6, the temperature measurements of the tempera-
ture sensors T3, T4 and T5 in the sulfur breakthrough
detector were monitored and recorded as Gas In (T3),
Reforming Bed (T4) and Gas Out (T5) for approximately
4,000 hours of operation. The graph in FIG. 6 focuses
on the time period of 2,600 to 4,000 hours, highlighting
the deliberate poisoning after operating for several hun-
dred hours at a steady state without poisoning. In addi-
tion, temperature differences between T3 and T4 and
between T4 and T5 were recorded as dT Gas In - Re-
forming (T3-T4) and as dT Reforming - Gas Out (T4-T5),
respectively, so that dT Gas In - Reforming corresponds
TDY_FLOAT discussed above. As discussed above, the
change in temperature differences between T3 and T4,
i.e. dT Gas In - Reforming, is directly related to the re-
forming process in the catalyst bed and a decrease in dT
Gas In - Reforming indicates a reduction in the reforming
process, typically due to sulfur poisoning of the reforming
catalyst. As also discussed above, the change in the tem-
perature differences between T4 and T5, i.e. dT Reform-
ing - Gas Out, is also related to the flow rate of the fuel
through the sulfur breakthrough detector and also to the
reforming process in the catalyst bed, so that a significant
increase in dT Reforming - Gas Out indicates a low flow
rate of the fuel through the sulfur breakthrough detector.
In addition, when the dT Reforming - Gas Out increases
due to sulfur poisoning of the reforming catalyst bed, the
dT Reforming - Gas Out also increases due to greater
heat loss in the outlet portion of the sulfur breakthrough
detector. As shown in FIG. 6, the dT Reforming - Gas
Out and dT Gas In - Reforming were relatively constant,
with small variations prior to the addition of the DMS.
Starting at 3,460 hours a 100 ppb concentration of DMS
was added to the fuel and was stopped at 3,700 hours.
During the time when DMS was being added to the fuel,
it can be seen that dT Gas In - Reforming dropped from
about 73°C to about 57°C over the 240 hours, or 10 days,
elapsed between 3,460 hours and 3,700 hours. This
gives an average temperature drop of 1.6 °C per day,
with the drop in dT Gas In - Reforming beginning about
© day after the addition of DMS was started. In addition,
the rate at which dT Gas In - Reforming dropped was the
greatest during the first 7 days since the beginning of the
drop. Subsequently, a stable decreased rate of about
1.2°C occurred over several days, as shown on the linear
approximation drawn of FIG. 6. Note that this rate is more
than double the predicted rate of 0.55 °C/day for 100 ppb
sulfur poison, indicating higher sensitivity to sulfur in this
case. As can also be seen in FIG. 6, while the DMS was
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being added to the fuel, the dT Reforming - Gas Out
increased over about the same time period as the drop
in the dT Gas In - Reforming from about 60°C to about
71°C. The graph of FIG. 6 clearly shows the effect that
the addition of a sulfur-containing compound, such as
DMS, has on the temperature of the reforming catalyst
bed and on the temperature of the fuel being output from
the sulfur breakthrough detector.
[0086] The operation of the sulfur breakthrough mon-
itoring assembly 306 as shown in FIG. 3B and as oper-
ated in conjunction with a fuel cell in the configuration of
FIG. 2 was also tested. In this configuration the humidified
fuel entering the sulfur breakthrough monitoring assem-
bly 306 is dependent on the fuel cell power plant opera-
tion. FIGS. 7A and 7B show graphs of the temperatures
and temperature differences, respectively, in the moni-
toring assembly 306. In both FIG. 7A and 7B, the X-axis
represent the operating time, in hours on stream, of the
sulfur breakthrough monitoring assembly, while the Y-
axis represent the temperature (°C) readings and the
temperature difference determinations (dT’s in °C). As
also shown, the Y-Axis of FIG. 7A also represents the
fuel cell power plant output in kilowatts (kW). As shown
in FIG. 7A, the temperature measurements of the tem-
perature sensors T1, T2, T3, T4, T5 and T6 in the sulfur
breakthrough monitoring assembly 306 were monitored
and recorded as Heater Element (T1), Heater Coil (T2),
Gas In (T3), Deoxidizer Bed (T4), Reforming Bed (T5)
and Gas Out (T6) for the first 4,800 hours of operation.
The graph in FIG. 7A demonstrates controlling of the De-
oxidizer temperature T4 as required for proper operation
of the sulfur breakthrough monitoring assembly. As also
shown in FIG. 7A, the fuel cell power plant output is nor-
mally steady at 216 kW, with rapid dips to about 20 kW
and with rapid recovery to 216 kW occurring roughly once
every 600 hours, or about once every 25 days. These
fluctuations in the fuel cell power plant output are most
frequently caused by disruptions, such as rapid voltage
variations, on the power grid which force the fuel cell
inverter to separate from the power grid. The graph in
FIG. 7A demonstrates that the control strategy used to
operate the sulfur breakthrough monitoring assembly is
able to accept and recover these transients without ill
effects to the detector device of the monitoring assembly.
[0087] The graph in FIG. 7B shows the temperature
differences between T3 and T4, between T4 and T5 and
between T5 and T6 as dT Gas In - Deoxidizer (T3-T4),
dT Deoxidizer - Reforming (T4-T5), and dT Reforming -
Gas Out (T5 - T6), respectively. In FIG. 7B, dT Deoxidizer
- Reforming corresponds to TDY_FLOAT, as discussed
above. As shown, shortly after the sulfur breakthrough
detector was installed, the monitoring assembly 306
started to indicate sulfur breakthrough, as shown by the
line drawn through the curve of the dT Deoxidizer - Re-
forming (T4-T5), which has a slope of -0.1 °C/day. Be-
cause the sulfur breakthrough detector was registering
a mild sulfur breakthrough event, field samples were col-
lected and analyzed by gas chromatography to a sulfur

chemiluminescence detector, to quantify sulfur in the fuel
samples by species down to 10 ppb. This sampling de-
termined that, in fact, carbonyl sulfide, or COS, was get-
ting through the desulfurization system at about 20 ppb.
Testing of the inlet sample determined that the cause of
the sulfur breakthrough was a high excursion on the COS
concentration of the inlet natural gas. Subsequently, the
high inlet COS excursion resolved on its own, and natural
gas completely clean of sulfur was entering the fuel cell
power plant. As the gas became free of sulfur, the down-
ward slope of dT Deoxidizer - Reforming (T4-T5) record-
ed in the sulfur breakthrough monitoring assembly lev-
eled off. The graph in FIG. 7B also shows that the flow
to the sulfur breakthrough detector device was main-
tained in the proper range, as determined by both the dT
Gas In - Deoxidizer, and dT Reforming - Gas Out, except
for the episodes when the power plant power output fluc-
tuated as shown in FIG. 7A, as expected.
[0088] The corresponding differential temperatures in
FIG. 6 and FIG. 7B are different due to changes in the
detector design. What is important, however, is the trend-
ing of the differential temperature within any given oper-
ation rather than the absolute value or comparing one
unit to another.
[0089] The graph of FIG. 8 shows the temperature var-
iations over time of the sulfur breakthrough monitoring
assembly 306 as shown in FIG. 3B and as operated using
the configuration shown in FIG. 1, with fuel and water
flow control independent of the power plant operation.
Specifically, FIG. 8 shows the system response to fluc-
tuation of oxygen content in a simulated anaerobic di-
gester gas (ADG) fuel. As the oxygen level in the feed
gas is varied between 0.5% and 2%, the heat generated
in the Deoxidizer bed varies, with more heat being re-
leased as the oxygen level is increased. However, as
discussed above, the Deoxidizer temperature is main-
tained constant at 500°C by controlling the heater of the
monitoring assembly 306, which in effect adjusts the gas
inlet temperature to counteract the variations in the heat
generated in the Deoxidizer resulting from the varying
oxygen content. The graph of FIG. 8 demonstrates stable
control of the Deoxidizer temperature despite the fluctu-
ations of the oxygen content of the fuel supply, as re-
quired for stable operation with low level detection sulfur
breakthrough. Of equal importance is the demonstration
that the Reforming temperature T5 remains constant, in-
dicating complete deoxidization of the fuel prior to enter-
ing the reforming bed and that there is no degradation of
the reforming bed due to the oxygen content in the feed
fuel. For endurance tests, addition systems were oper-
ated in the same configuration for over 6 months with 1.0
- 1.5% oxygen with no apparent loss in activity of the
reforming catalyst and no loss of sulfur detection by the
sulfur breakthrough monitoring assembly.
[0090] The sulfur breakthrough monitoring assembly
of the present invention is capable of monitoring for and
identifying sulfur breakthrough which either gradually in-
creases in the fuel during operation or which occurs sud-
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denly due to failure of the desulfurizer assembly. As de-
scribed above, the monitoring assembly of the present
invention can be used with multiple types of fuel, including
natural gas and ADG, and is capable of sensing the pres-
ence of all species of sulfur-containing compounds, thus
making the operation of the monitoring assembly sulfur
species independent. In addition, the monitoring assem-
bly has a high sensitivity due to the temperature and fuel
flow control in the monitoring assembly. The cost of man-
ufacturing of the monitoring assembly of the present as-
sembly is low, and as shown in FIGS. 1 and 2, the mon-
itoring assembly can be easily back-fitted to many exist-
ing plants that require sulfur monitoring in the fuel.
[0091] In all cases it is understood that the above-de-
scribed arrangements are merely illustrative of the many
possible specific embodiments which represent applica-
tions of the present invention.

Claims

1. A sulfur breakthrough monitoring assembly (6) for
use in a fuel utilization system (1) for detecting sulfur-
containing compounds in desulfurized fuel, said
monitoring assembly (6) comprising:

a heater (6a) adapted to heat desulfurized fuel
that has been humidified to a predetermined
temperature, said predetermined temperature
being between 450°C and 600°C;
a sulfur breakthrough detector (6b) adapted to
receive heated fuel from said heater (6a) and
including at least

a reforming catalyst bed (208) for reforming
said heated fuel and
a plurality of temperature sensors including
a first temperature sensor (T3) adapted to
sense a temperature of said heated fuel be-
fore said fuel is conveyed through said re-
forming catalyst bed (208) and a second
temperature sensor (T4)

adapted to sense a temperature in said reform-
ing catalyst bed (208);
characterized in that
the sulfur breakthrough monitoring assembly (6)
further comprises a controller (501) adapted to:

receive temperature outputs from the first
and second temperature sensors (T3, T4),
determine a plurality of differences between
a temperature output of the first tempera-
ture sensor (T3) and a temperature output
of the second temperature sensor (T4) over
time,
determine a rate at which the differences
between the temperature output of the first

temperature sensor (T3) and the tempera-
ture output of the second temperature sen-
sor (T4) decrease, and
determine that a concentration of the sulfur-
containing compounds in the fuel exceeds
a first predetermined concentration if the
determined rate is equal to or greater than
a first determined rate.

2. The sulfur breakthrough monitoring assembly (6) in
accordance with claim 1, wherein, when said con-
troller (501) determines that the concentration of said
sulfur-containing compounds in the fuel exceeds
said first predetermined concentration, said control-
ler (501) is adapted to activate an alarm.

3. The sulfur breakthrough monitoring assembly (6) in
accordance with claim 1, wherein, when said con-
troller (501) determines that the concentration of said
sulfur-containing compounds in the fuel exceeds
said first predetermined concentration, said control-
ler (501) is adapted to control said fuel utilization
system (1) to perform one or more of the following
actions:

controlling a flow of fuel to one or more compo-
nents of said fuel utilization system (1) to reduce
or inhibit said flow of fuel,
controlling a flow of fuel to said fuel utilization
system (1) to reduce or inhibit said flow of fuel,
controlling a desulfurizer assembly (104) of said
fuel utilization system (1) to redirect a flow of
fuel to be desulfurized from an operating desul-
furizer to another desulfurizer of said desulfuriz-
er assembly (104),
controlling a desulfurizer assembly (104) of said
fuel utilization system (1) to regenerate or re-
place an operating desulfurizer, and
controlling said fuel utilization system to switch
from an operating fuel supply to another fuel
supply.

4. The sulfur breakthrough monitoring assembly (6) in
accordance with claim 3, wherein:

when said controller (501) determines that the
concentration of said sulfur-containing com-
pounds in the fuel exceeds said first predeter-
mined concentration, based on said determined
rate, said controller (501) is adapted to deter-
mine whether the concentration of said sulfur-
containing compounds in the fuel exceeds a sec-
ond predetermined concentration, greater than
said first predetermined concentration, based
on whether the difference between temperature
outputs from said first and second temperature
sensors (T3, T4) decreases at a second prede-
termined rate greater than said first predeter-
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mined rate, and
when said controller (501) determines that said
concentration of said sulfur containing com-
pounds in the fuel exceeds said second prede-
termined concentration, said controller (501) is
adapted to activate an escalated alarm and to
perform one or more predetermined escalated
actions, said predetermined escalated actions
including one or more of:

controlling a flow of fuel to one or more com-
ponents of said fuel utilization system (1) to
inhibit said flow of fuel, and
controlling a flow of fuel to said fuel utiliza-
tion system (1) to inhibit said flow of fuel and
ceasing operation of said fuel utilization sys-
tem (1).

5. The sulfur breakthrough monitoring assembly (6) in
accordance with claim 1, wherein:
the sulfur breakthrough monitoring assembly (6) is
adapted to receive water from a water supply (22)
and the heater (6a) is adapted to heat the desul-
furized fuel and water to the predetermined temper-
ature, and said sulfur breakthrough monitoring as-
sembly (6) includes:a water flow controller (8) adapt-
ed to control a flow of water to the sulfur breakthrough
monitoring assembly (6); and a fuel flow controller
(15) adapted to control a flow of the desulfurized fuel
to the sulfur breakthrough monitoring assembly (6).

6. The sulfur breakthrough monitoring assembly in ac-
cordance with claim 5, wherein said fuel flow con-
troller (15) and the water flow controller (8) are adapt-
ed to control the flow of fuel and water so as to pro-
vide humidified fuel with a S/C ratio of 1.3 to 3.0 to
said sulfur breakthrough detector (6b) and said con-
troller (501) is adapted to control the flow of said
humidified fuel so that a space velocity of said hu-
midified fuel through said reforming catalyst bed
(208) is between 30,000/hr and 120,000/hr and su-
perficial velocity of said humidified fuel through said
reforming catalyst bed (208) is between 7 and 60
cm/sec.

7. A sulfur breakthrough monitoring assembly in ac-
cordance with claim 6, wherein:

said sulfur breakthrough detector (6b) further
comprises a third temperature sensor (T5)
adapted to sense a temperature of the humidi-
fied fuel after the humidified fuel is conveyed
through said reforming catalyst bed (208), and
said controller (501) is further adapted to

receive a temperature output from said third
temperature sensor (T5),
determine whether a difference between

said temperature outputs from said second
and third temperature sensors (T4, T5) is
smaller than a first predetermined amount
and whether said difference between said
temperature outputs from said second and
third temperature sensors (T4, T5) varies
by more than a second predetermined
amount, and
determine whether the concentration of said
sulfur-containing compounds in the fuel ex-
ceeds the first predetermined concentration
after the controller (501) determines that the
difference between the temperature out-
puts from the second and third temperature
sensors (T4, T5) is smaller than the first pre-
determined amount and that the difference
between the temperature outputs from the
second and third temperature sensors (T4,
T5) does not vary by more than the second
predetermined amount.

8. The sulfur breakthrough monitoring assembly (6) in
accordance with claim 1, wherein:

said sulfur breakthrough detector (6b) further
comprises a deoxidizing catalyst bed (309) dis-
posed in series with said reforming catalyst bed
(308) so that the fuel is first conveyed through
said deoxidizing catalyst bed (309) and thereaf-
ter through said reforming catalyst bed (308),
and
said first temperature sensor (T4) is adapted to
sense a temperature of said fuel in said deoxi-
dizing catalyst bed (309).

9. The sulfur breakthrough monitoring assembly (6) in
accordance with claim 1, wherein:

said heater (6a) includes at least one third tem-
perature sensor (T1, T2); and
said controller (501) includes:

a first temperature controller (TC-1) for re-
ceiving a temperature output from said at
least one third temperature sensor (T1, T2)
in said heater (6a) and outputting a first con-
trol variable output,
a second temperature controller (TC-2) for
receiving a temperature output from said
first temperature sensor (T3) and outputting
a second control variable output, and
a low selector (209) for receiving said first
and second control variable outputs and se-
lecting a lower one of said first and second
control variable outputs, and

said controller (501) is adapted to control said
heater (6a) based on the selected lower one of
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said first and second control variable outputs.

10. The sulfur breakthrough monitoring assembly (6) in
accordance with claim 1, wherein the sulfur break-
through detector (6b) includes a housing (207) hav-
ing a cylindrical shape, wherein a height of the hous-
ing (207) is greater than a diameter of the housing
(207).

11. The sulfur breakthrough monitoring assembly (6), in
accordance with claim 10, wherein the controller
(501) is further adapted to control a flow of fuel
through said sulfur breakthrough detector (6b) so
that the space velocity of said fuel through said re-
forming catalyst bed (208) is between 30,000/hr and
120,000/hr and superficial velocity of said fuel
through said reforming catalyst bed (208) is between
7 and 60 cm/sec

12. A method of detecting sulfur-containing compounds
in desulfurized fuel for use in a fuel utilization system
(1), the method comprising steps of:

heating desulfurized fuel to a predetermined
temperature using a heater (6a), said predeter-
mined temperature is between 450°C and
600°C;
receiving fuel heated in said heating step in a
reforming catalyst bed (208) and reforming said
heated fuel in the reforming catalyst bed (208);
sensing a first temperature of said heated fuel
prior to said fuel being received in said reforming
catalyst bed (208);
sensing a second temperature in said reforming
catalyst bed (208); and
at a controller (501),

receiving temperature outputs from the first
and second temperature sensors (T3, T4),
determining a plurality of differences be-
tween a temperature output of the first tem-
perature sensor (T3) and a temperature out-
put of the second temperature sensor (T4)
over time,
determining a rate at which the differences
between the temperature output of the first
temperature sensor (T3) and the tempera-
ture output of the second temperature sen-
sor (4) decrease, and
determining that a concentration of the sul-
fur-containing compounds in the fuel ex-
ceeds a first predetermined concentration,
if the determined rate at which the differenc-
es decrease is equal or greater than a first
predetermined rate.

13. The method of detecting sulfur-containing com-
pounds in accordance with claim 12, further com-

prising activating an alarm when the controller (501)
determines that the concentration of said sulfur-con-
taining compounds in the fuel exceeds the first pre-
determined concentration.

14. The method of detecting sulfur-containing com-
pounds in accordance with claim 12, further com-
prising controlling the fuel utilization system (1) to
perform one or more actions when the controller
(501) determines that the concentration of the sulfur-
containing compounds in the fuel exceeds the first
predetermined concentration, said one or more pre-
determined actions including one or more of:

controlling a flow of fuel to one or more compo-
nents of said fuel utilization system (1) to reduce
or inhibit said flow of fuel,
controlling a flow of fuel to said fuel utilization
system (1) to reduce or inhibit said flow of fuel,
controlling a desulfurizer assembly of said fuel
utilization system (1) to redirect a flow of fuel to
be desulfurized from an operating desulfurizer
to another desulfurizer of said desulfurizer as-
sembly,
controlling said desulfurizer assembly of said fu-
el utilization system (1) to regenerate or replace
the operating desulfurizer, and
controlling a said fuel utilization system (1) to
switch from an operating fuel supply to another
fuel supply.

15. A method of detecting sulfur-containing compounds
in accordance with claim 13 or 14, wherein:

when said controller (501) determines that the
concentration of the sulfur-containing com-
pounds in the fuel exceeds the first predeter-
mined concentration, based on temperature out-
puts from said first and second temperature sen-
sors (T3, T4), said controller (501) determines
whether the concentration of said sulfur-contain-
ing compounds in the fuel exceeds a second
predetermined concentration, greater than said
first predetermined concentration, based on
whether the difference between temperature
outputs from said first and second temperature
sensors (T3, T4) decreases at a second prede-
termined rate greater than said first predeter-
mined rate, and
when said controller (501) determines that said
concentration of said sulfur containing com-
pounds in the fuel exceeds said second prede-
termined concentration, said controller (501) ac-
tivates an escalated alarm and performs one or
more predetermined escalated actions, said
predetermined escalated actions including one
or more of:
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controlling a flow of fuel to one or more com-
ponents of said fuel utilization system (1) to
inhibit said flow of fuel, and
controlling a flow of fuel to said fuel utiliza-
tion system (1) to inhibit said flow of fuel and
ceasing operation of said fuel utilization sys-
tem (1).

Patentansprüche

1. Anordnung (6) zur Überwachung eines Schwefel-
durchbruchs zur Verwendung in einem Brennstoff-
verwertungssystem (1) zum Detektieren schwefel-
haltiger Verbindungen in entschwefeltem Brenn-
stoff, wobei die Anordnung (6) zur Überwachung um-
faßt:

einen Heizer (6a), der dazu ausgebildet ist, ent-
schwefelten Brennstoff, der auf eine vorbe-
stimmte Temperatur befeuchtet worden ist, zu
erhitzen, wobei die vorbestimmte Temperatur
zwischen 450°C und 600°C liegt;
einen Schwefeldurchbruch-Detektor (6b), der
dazu ausgebildet ist, erwärmten Brennstoff von
dem Heizer (6a) zu empfangen, und der min-
destens aufweist:

ein Reformierungskatalysatorbett (208)
zum Reformieren des erhitzten Brennstoffs
und
eine Vielzahl von Temperatursensoren,
enthaltend einen ersten Temperatursensor
(T3), der dazu ausgebildet ist, eine Tempe-
ratur des erhitzten Brennstoffs zu erfassen,
bevor der Brennstoff durch das Reformie-
rungskatalysatorbett (208) geleitet wird,
und einen zweiten Temperatursensor (T4),
der dazu ausgebildet ist, eine Temperatur
in dem Reformierungskatalysatorbett (208)
zu erfassen;

dadurch gekennzeichnet, dass
die Anordnung (6) zur Überwachung des
Schwefeldurchbruchs ferner einen Regler (501)
umfasst, der dazu ausgebildet ist:

Temperaturausgaben von dem ersten und
zweiten Temperatursensor (T3, T4) zu
empfangen,
eine Vielzahl von Differenzen zwischen ei-
ner Temperaturausgabe des ersten Tem-
peratursensors (T3) und einer Temperatur-
ausgabe des zweiten Temperatursensors
(T4) über die Zeit zu bestimmen,
eine Rate zu bestimmen, mit der die Diffe-
renzen zwischen der Temperaturausgabe
des ersten Temperatursensors (T3) und der

Temperaturausgabe des zweiten Tempera-
tursensors (T4) abnehmen, und
zu bestimmen, dass eine Konzentration der
schwefelhaltigen Verbindungen im Brenn-
stoff eine erste vorbestimmte Konzentration
überschreitet, wenn die bestimmte Rate
gleich oder größer als eine erste bestimmte
Rate ist.

2. Anordnung (6) zur Überwachung des Schwefel-
durchbruchs nach Anspruch 1, wobei, wenn der
Regler (501) bestimmt, dass die Konzentration der
schwefelhaltigen Verbindungen in dem Brennstoff
die erste vorbestimmte Konzentration übersteigt, der
Regler (501) dazu ausgebildet ist, einen Alarm aus-
zulösen.

3. Anordnung (6) zur Überwachung des Schwefel-
durchbruchs nach Anspruch 1, wobei, wenn der
Regler (501) bestimmt, dass die Konzentration der
schwefelhaltigen Verbindungen in dem Brennstoff
die erste vorbestimmte Konzentration überschreitet,
der Regler (501) dazu ausgebildet ist, das Brenn-
stoffverwertungssystem (1) so zu regeln, dass es
eine oder mehrere der folgenden Aktionen ausführt:

Regeln eines Brennstoffstroms zu einer oder
mehreren Komponenten des Brennstoffverwer-
tungssystems (1), um den Brennstoffstrom zu
reduzieren oder zu unterbinden,
Regeln eines Brennstoffstroms zu dem Brenn-
stoffverwertungssystem (1), um den Brenn-
stoffstrom zu reduzieren oder zu unterbinden,
Regeln einer Entschwefelungsanordnung (104)
des Brennstoffverwertungssystems (1), um ei-
nen zu entschwefelnden Brennstoffstrom von
einem in Betrieb befindlichen Entschwefeler zu
einem anderen Entschwefeler der Entschwefe-
lungsanordnung (104) umzuleiten,
Regeln einer Entschwefelungsanordnung (104)
des Brennstoffverwertungssystems (1), um ei-
nen in Betrieb befindlichen Entschwefeler zu re-
generieren oder zu ersetzen, und
Regeln des Brennstoffverwertungssystems, um
von einer im Betrieb befindlichen Brennstoffver-
sorgung auf eine andere Brennstoffversorgung
umzuschalten.

4. Anordnung (6) zur Überwachung des Schwefel-
durchbruchs nach Anspruch 3, wobei
wenn der Regler (501) bestimmt, dass die Konzen-
tration der schwefelhaltigen Verbindungen in dem
Brennstoff die erste vorbestimmte Konzentration
überschreitet, basierend auf der bestimmten Rate,
der Regler (501) dazu ausgebildet ist, zu bestimmen,
ob die Konzentration der schwefelhaltigen Verbin-
dungen in dem Brennstoff eine zweite vorbestimmte
Konzentration überschreitet, die größer ist als die
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erste vorbestimmte Konzentration, basierend dar-
auf, ob die Differenz zwischen den Temperaturaus-
gaben von dem ersten und dem zweiten Tempera-
tursensor (T3, T4) mit einer zweiten vorbestimmten
Rate abnimmt, die größer ist als die erste vorbe-
stimmte Rate, und
wenn der Regler (501) bestimmt, dass die Konzen-
tration der schwefelhaltigen Verbindungen in dem
Brennstoff die zweite vorbestimmte Konzentration
überschreitet, ist der Regler (501) so ausgebildet,
dass er einen eskalierten Alarm aktiviert und eine
oder mehrere vorbestimmte eskalierte Aktionen aus-
führt, wobei die vorbestimmten eskalierten Aktionen
eine oder mehrere davon enthalten:

Regeln eines Brennstoffstroms zu einer oder
mehreren Komponenten des Brennstoffverwer-
tungssystems (1), um den Brennstoffstrom zu
unterbinden, und
Regeln eines Brennstoffstroms zu dem Brenn-
stoffverwertungssystem (1), um den Brenn-
stoffstrom zu unterbinden und den Betrieb des
Brennstoffverwertungssystems (1) zu beenden.

5. Anordnung (6) zur Überwachung des Schwefel-
durchbruchs nach Anspruch 1, wobei
die Anordnung (6) zur Überwachung des Schwefel-
durchbruchs so ausgebildet ist, dass sie Wasser von
einer Wasserversorgung (22) empfängt, und der
Heizer (6a) so ausgebildet ist, dass er den entschwe-
felten Brennstoff und das Wasser auf die vorbe-
stimmte Temperatur erhitzt, und die Anordnung (6)
zur Überwachung des Schwefeldurchbruchs ent-
hält: einen Wasserdurchflussregler (8), der so aus-
gebildet ist, dass er einen Wasserfluss zu der An-
ordnung (6) zur Überwachung des Schwefeldurch-
bruchs regelt; und einen Brennstoffdurchflussregler
(15), der so ausgebildet ist, dass er einen Fluss des
entschwefelten Brennstoffs zu der Anordnung (6)
zur Überwachung des Schwefeldurchbruchs regelt.

6. Anordnung zur Überwachung des Schwefeldurch-
bruchs nach Anspruch 5, bei der der Brennstoff-
durchflußregler (15) und der Wasserdurchflußregler
(8) so ausgebildet sind, daß sie den Durchfluß von
Brennstoff und Wasser so regeln, daß befeuchteter
Brennstoff mit einem S/C-Verhältnis von 1,3 bis 3 zu
dem Schwefeldurchbruch-Detektor (6b) geliefert
wird, und der Regler (501) dazu ausgebildet ist, den
Durchfluß von befeuchteten Brennstoff zu kontrol-
lieren, so dass eine Raumgeschwindigkeit des be-
feuchteten Brennstoffs durch das Reformierungska-
talysatorbett (208) zwischen 30.0000/hr und
120.0000/hr und eine Oberflächengeschwindigkeit
des befeuchteten Brennstoffs durch das Reformie-
rungskatalysatorbett (208) zwischen 7 und 60 cm/s
liegt.

7. Anordnung zur Überwachung des Schwefeldurch-
bruchs nach Anspruch 6, wobei
der Schwefeldurchbruch-Detektor (6b) ferner einen
dritten Temperatursensor (T5) umfasst, der dazu
ausgebildet ist, eine Temperatur des befeuchteten
Brennstoffs zu erfassen, nachdem der befeuchtete
Brennstoff durch das Reformierungskatalysatorbett
(208) geleitet wurde, und
der genannte Regler (501) weiter dazu ausgebildet
ist
eine Temperaturausgabe von diesem dritten Tem-
peratursensor (T5) erhalten,
zu bestimmen, ob eine Differenz zwischen den Tem-
peraturausgaben von dem zweiten und dritten Tem-
peratursensor (T4, T5) kleiner als ein erster vorbe-
stimmter Betrag ist und ob die Differenz zwischen
den Temperaturausgaben von dem zweiten und drit-
ten Temperatursensor (T4, T5) um mehr als einen
zweiten vorbestimmten Betrag variiert, und
zu bestimmen, ob die Konzentration der schwefel-
haltigen Verbindungen in dem Brennstoff die erste
vorbestimmte Konzentration überschreitet, nach-
dem der Regler (501) bestimmt, dass die Differenz
zwischen den Temperaturausgaben von dem zwei-
ten und dritten Temperatursensor (T4, T5) kleiner
als der erste vorbestimmte Betrag ist und dass die
Differenz zwischen den Temperaturausgaben von
dem zweiten und dritten Temperatursensor (T4, T5)
um nicht mehr als den zweiten vorbestimmten Be-
trag variiert.

8. Die Anordnung zur Überwachung des Schwefel-
durchbruchs (6) nach Anspruch 1, wobei
der Schwefeldurchbruch-Detektor (6b) ferner ein
Desoxidationskatalysatorbett (309) umfasst, das in
Reihe mit dem Reformierungskatalysatorbett (308)
angeordnet ist, so dass der Brennstoff zuerst durch
das Desoxidationskatalysatorbett (309) und danach
durch das Reformierungskatalysatorbett (308) ge-
leitet wird, und
der erste Temperatursensor (T4) dazu ausgebildet
ist, eine Temperatur des Brennstoffs in dem Deso-
xidationskatalysatorbett (309) zu erfassen.

9. Die Anordnung zur Überwachung des Schwefel-
durchbruchs (6) nach Anspruch 1, wobei
Der Heizer (6a) zumindest einen dritten Tempera-
tursensor (T1, T2) enthält; und
der genannte Regler (501) enthält:

einen ersten Temperaturregler (TC-1) zum
Empfangen einer Temperaturausgabe von dem
zumindest einen dritten Temperatursensor (T1,
T2) in dem Heizer (6a) und zum Ausgeben einer
ersten Regelungsvariablenausgabe,
einen zweiten Temperaturregler (TC-2) zum
Empfangen einer Temperaturausgabe von dem
ersten Temperatursensor (T3) und zum Ausge-
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ben einer zweiten Regelungsvariablenausgabe,
und
einen Niedrig-Selektor (209) zum Empfangen
der ersten und zweiten Regelungsvariablenaus-
gaben und zum Auswählen eines niedrigeren
der ersten und zweiten Regelungsvariablenaus-
gaben, und
der Regler (501) dazu ausgebildet ist, den Hei-
zer (6a) auf der Grundlage des ausgewählten
unteren der ersten und zweiten Regelungsvari-
ablenausgaben zu regeln.

10. Anordnung (6) zur Überwachung eines Schwefel-
durchbruchs nach Anspruch 1, wobei der Schwefel-
durchbruch-Detektor (6b) ein Gehäuse (207) mit ei-
ner zylindrischen Form enthält, wobei eine Höhe des
Gehäuses (207) größer als ein Durchmesser des
Gehäuses (207) ist.

11. Anordnung (6) zur Überwachung des Schwefel-
durchbruchs nach Anspruch 10, wobei der Regler
(501) ferner so ausgebildet ist, dass er einen Brenn-
stoffstrom durch den Schwefeldurchbruch-Detektor
(6b) so regelt, dass die Raumgeschwindigkeit des
Brennstoffs durch das Reformierungskatalysator-
bett (208) zwischen 30.0000/hr und 120.0000/hr und
die Oberflächengeschwindigkeit des Brennstoffs
durch das Reformierungskatalysatorbett (208) zwi-
schen 7 und 60 cm/s liegt.

12. Verfahren zum Nachweis schwefelhaltiger Verbin-
dungen in entschwefeltem Brennstoff zur Verwen-
dung in einem Brennstoffverwertungssystem (1),
wobei das Verfahren folgende Schritte umfaßt
Erhitzen von entschwefeltem Brennstoff auf eine
vorbestimmte Temperatur unter Verwendung eines
Heizers (6a), wobei die vorbestimmte Temperatur
zwischen 450°C und 600°C liegt;
Aufnehmen von in dem Heizschritt erhitztem Brenn-
stoff in einem Reformierungskatalysatorbett (208)
und Reformieren des erhitzten Brennstoffs in dem
Reformierungskatalysatorbett (208);
Erfassen einer ersten Temperatur des erhitzten
Brennstoffs, bevor der Brennstoff in dem Reformie-
rungskatalysatorbett (208) aufgenommen wird;
Erfassen einer zweiten Temperatur in dem Refor-
mierungskatalysatorbett (208); und
an einem Regler (501),
Temperaturausgaben des ersten und zweiten Tem-
peratursensors (T3, T4) empfangen werden,
eine Vielzahl von Differenzen zwischen einer Tem-
peraturausgabe des ersten Temperatursensors (T3)
und einer Temperaturausgabe des zweiten Tempe-
ratursensors (T4) über die Zeit bestimmt werden,
eine Rate, mit der die Differenzen zwischen der Tem-
peraturausgabe des ersten Temperatursensors (T3)
und der Temperaturausgabe des zweiten Tempera-
tursensors (4) abnehmen, bestimmt wird und

Bestimmt wird, dass eine Konzentration der schwe-
felhaltigen Verbindungen im Brennstoff eine erste
vorbestimmte Konzentration überschreitet, wenn die
ermittelte Rate, mit der die Unterschiede abnehmen,
gleich oder größer als eine erste vorbestimmte Rate
ist.

13. Verfahren zum Nachweis schwefelhaltiger Verbin-
dungen nach Anspruch 12, das ferner die Aktivie-
rung eines Alarms umfasst, wenn der Regler (501)
bestimmt, dass die Konzentration der schwefelhal-
tigen Verbindungen in dem Brennstoff die erste vor-
bestimmte Konzentration übersteigt.

14. Verfahren zum Nachweis schwefelhaltiger Verbin-
dungen nach Anspruch 12, ferner umfassend die Re-
gelung des Brennstoffverwertungssystems (1) um
eine oder mehrere Aktionen durchzuführen, wenn
der Regler (501) bestimmt, dass die Konzentration
der schwefelhaltigen Verbindungen in dem Brenn-
stoff die erste vorbestimmte Konzentration über-
schreitet, wobei die eine oder mehreren vorbestimm-
ten Aktionen eine oder mehrere davon umfassen:

Regeln eines Brennstoffstroms zu einer oder
mehreren Komponenten des Brennstoffverwer-
tungssystems (1), um den Brennstoffstrom zu
reduzieren oder zu unterbinden,
Regeln eines Brennstoffstroms zu dem Brenn-
stoffverwertungssystem (1), um den Brenn-
stoffstrom zu reduzieren oder zu unterbinden,
Regeln einer Entschwefelungsanordnung des
Brennstoffverwertungssystems (1), um einen zu
entschwefelnden Brennstoffstrom von einem in
Betrieb befindlichen Entschwefeler zu einem
anderen Entschwefeler der Entschwefelungsa-
nordnung umzuleiten,
Regeln der Entschwefelungsanordnung des
Brennstoffverwertungssystems (1), um den in
Betrieb befindlichen Entschwefeler zu regene-
rieren oder zu ersetzen, und
Regeln eines der genannten Brennstoffverwer-
tungssysteme (1), um von einer im Betrieb be-
findlichen Brennstoffversorgung auf eine ande-
re Brennstoffversorgung umzuschalten.

15. Verfahren zum Nachweis schwefelhaltiger Verbin-
dungen nach Anspruch 13 oder 14, wobei:

wenn der Regler (501) bestimmt, dass die Kon-
zentration der schwefelhaltigen Verbindungen
in dem Brennstoff die erste vorbestimmte Kon-
zentration überschreitet, auf der Grundlage von
Temperaturausgaben von dem ersten und zwei-
ten Temperatursensor (T3, T4), bestimmt der
Regler (501), ob die Konzentration der schwe-
felhaltigen Verbindungen in dem Brennstoff eine
zweite vorbestimmte Konzentration überschrei-
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tet, die größer ist als die erste vorbestimmte
Konzentration, darauf basierend, ob die Diffe-
renz zwischen den Temperaturausgaben von
dem ersten und zweiten Temperatursensor (T3,
T4) mit einer zweiten vorbestimmten Rate, die
größer ist als die erste vorbestimmte Rate, ab-
nimmt, und
wenn der Regler (501) bestimmt, dass die Kon-
zentration der schwefelhaltigen Verbindungen
in dem Brennstoff die zweite vorbestimmte Kon-
zentration übersteigt, der Regler (501) einen es-
kalierten Alarm aktiviert und eine oder mehrere
vorbestimmte eskalierte Aktionen ausführt, wo-
bei die vorbestimmten eskalierten Aktionen eine
oder mehrere davon beinhalten:

Regeln eines Brennstoffstroms zu einer
oder mehreren Komponenten des Brenn-
stoffverwertungssystems (1), um den
Brennstoffstrom zu unterbinden, und
Regeln eines Brennstoffstroms zu dem
Brennstoffverwertungssystem (1), um den
Brennstoffstrom zu unterbinden und den
Betrieb des Brennstoffverwertungssystems
(1) zu beenden.

Revendications

1. Ensemble de surveillance d’une percée de soufre
(6) destiné à être utilisé dans un système d’utilisation
de combustible (1) pour détecter des composants à
teneur en soufre dans un combustible désulfuré, ledit
ensemble de surveillance (6) comprenant :

un réchauffeur (6a) adapté pour réchauffer un
combustible désulfuré qui a été humidifié à une
température prédéterminée, ladite température
prédéterminée étant comprise entre 450 °C et
600 °C ;
un détecteur de percée de soufre (6b) adapté
pour recevoir un combustible réchauffé depuis
ledit réchauffeur (6a) et comportant au moins

un lit de catalyseur de reformage (208) pour
reformer ledit combustible réchauffé et
une pluralité de capteurs de température
comportant un premier capteur de tempé-
rature (T3) adapté pour détecter une tem-
pérature dudit combustible réchauffé avant
que ledit combustible soit acheminé à tra-
vers ledit lit de catalyseur de reformage
(208) et un deuxième capteur de tempéra-
ture (T4) adapté pour détecter une tempé-
rature dans ledit lit de catalyseur de refor-
mage (208) ;

caractérisé en ce que

l’ensemble de surveillance d’une percée de sou-
fre (6) comprend en outre un contrôleur (501)
adapté pour :

recevoir des sorties de température depuis
les premier et deuxième capteurs de tem-
pérature (T3, T4),
déterminer une pluralité de différences en-
tre une sortie de température du premier
capteur de température (T3) et une sortie
de température du deuxième capteur de
température (T4) dans le temps,
déterminer un taux de diminution des diffé-
rences entre la sortie de température du
premier capteur de température (T3) et la
sortie de température du deuxième capteur
de température (T4), et
déterminer qu’une concentration des com-
posants à teneur en soufre dans le combus-
tible dépasse une première concentration
prédéterminée si le taux déterminé est égal
ou supérieur à un premier taux déterminé.

2. Ensemble de surveillance d’une percée de soufre
(6) selon la revendication 1, dans lequel, quand ledit
contrôleur (501) détermine que la concentration des-
dits composants à teneur en soufre dans le combus-
tible dépasse ladite première concentration prédé-
terminée, ledit contrôleur (501) est adapté pour dé-
clencher une alarme.

3. Ensemble de surveillance d’une percée de soufre
(6) selon la revendication 1, dans lequel, quand ledit
contrôleur (501) détermine que la concentration des-
dits composants à teneur en soufre dans le combus-
tible dépasse ladite première concentration prédé-
terminée, ledit contrôleur (501) est adapté pour com-
mander ledit système d’utilisation de combustible (1)
afin de réaliser une ou plusieurs des actions
suivantes :

régulation d’un flux de combustible vers un ou
plusieurs composants dudit système d’utilisa-
tion de combustible (1) pour réduire ou inhiber
ledit flux de combustible,
régulation d’un flux de combustible vers ledit
système d’utilisation de combustible (1) pour ré-
duire ou inhiber ledit flux de combustible,
commande d’un ensemble désulfuriseur (104)
dudit système d’utilisation de combustible (1)
pour rediriger un flux de combustible à désulfu-
rer d’un désulfuriseur en service vers un autre
désulfuriseur dudit ensemble désulfuriseur
(104),
commande d’un ensemble désulfuriseur (104)
dudit système d’utilisation de combustible (1)
pour régénérer ou remplacer un désulfuriseur
en service, et
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commande audit système d’utilisation de com-
bustible de commuter d’une alimentation de
combustible en service à une autre alimentation
de combustible.

4. Ensemble de surveillance d’une percée de soufre
(6) selon la revendication 3, dans lequel :

quand ledit contrôleur (501) détermine que la
concentration desdits composants à teneur en
soufre dans le combustible dépasse ladite pre-
mière concentration prédéterminée, sur la base
dudit taux déterminé, ledit contrôleur (501) est
adapté pour déterminer que la concentration
desdits composants à teneur en soufre dans le
combustible dépasse ou non une seconde con-
centration prédéterminée, supérieure à ladite
première concentration prédéterminée, selon
que la différence entre des sorties de tempéra-
ture desdits premier et deuxième capteurs de
température (T3, T4) diminue ou non à un se-
cond taux prédéterminé supérieur audit premier
taux prédéterminé, et
quand ledit contrôleur (501) détermine que la-
dite concentration desdits composants à teneur
en soufre dans le combustible dépasse ladite
seconde concentration prédéterminée, ledit
contrôleur (501) est adapté pour déclencher une
alarme échelonnée et réaliser une ou plusieurs
actions échelonnées prédéterminées, lesdites
actions échelonnées prédéterminées compre-
nant une ou plusieurs des actions suivantes :

régulation d’un flux de combustible vers un
ou plusieurs composants dudit système
d’utilisation de combustible (1) pour inhiber
ledit flux de combustible, et
régulation d’un flux de combustible vers le-
dit système d’utilisation de combustible (1)
pour inhiber ledit flux de combustible et ces-
ser le fonctionnement dudit système d’utili-
sation de combustible (1).

5. Ensemble de surveillance d’une percée de soufre
(6) selon la revendication 1, dans lequel :
l’ensemble de surveillance d’une percée de soufre
(6) est adapté pour recevoir de l’eau depuis une ali-
mentation en eau (22) et le réchauffeur (6a) est adap-
té pour réchauffer le combustible désulfuré et l’eau
à la température prédéterminée, et ledit ensemble
de surveillance de percée de soufre (6) comporte :
un régulateur de flux d’eau (8) adapté pour réguler
un flux d’eau vers l’ensemble de surveillance d’une
percée de soufre (6) ; et un régulateur de flux de
combustible (15) adapté pour réguler un flux du com-
bustible désulfuré vers l’ensemble de surveillance
d’une percée de soufre (6).

6. Ensemble de surveillance d’une percée de soufre
selon la revendication 5, dans lequel ledit régulateur
de flux de combustible (15) et le régulateur de flux
d’eau (8) sont adaptés pour réguler le flux de com-
bustible et d’eau de manière à fournir un combustible
humidifié ayant un rapport V/C de 1,3 à 3,0 audit
détecteur de percée de soufre (6b) et ledit contrôleur
(501) est adapté pour réguler le flux dudit combus-
tible humidifié de telle sorte qu’une vitesse spatiale
dudit combustible humidifié à travers ledit lit de ca-
talyseur de reformage (208) soit comprise entre 30
000/h et 120 000/h et la vitesse superficielle dudit
combustible humidifié à travers ledit lit de catalyseur
de reformage (208) soit comprise entre 7 et 60 cm/s.

7. Ensemble de surveillance de percée de soufre selon
la revendication 6, dans lequel :

ledit détecteur de percée de soufre (6b) com-
prend en outre un troisième capteur de tempé-
rature (T5) adapté pour détecter une tempéra-
ture du combustible humidifié après que le com-
bustible humidifié a été acheminé à travers ledit
lit de catalyseur de reformage (208), et
ledit contrôleur (501) est adapté en outre pour

recevoir une sortie de température dudit
troisième capteur de température (T5),
déterminer qu’une différence entre lesdites
sorties de température desdits deuxième et
troisième capteurs de température (T4, T5)
est inférieure ou non à une première quan-
tité prédéterminée et que ladite différence
entre lesdites sorties de température des
deuxième et troisième capteurs de tempé-
rature (T4, T5) varie ou non par plus d’une
seconde quantité prédéterminée, et

déterminer que la concentration desdits compo-
sants à teneur en soufre dans le combustible
dépasse ou non la première concentration pré-
déterminée après que le contrôleur (501) déter-
mine que la différence entre les sorties de tem-
pérature des deuxième et troisième capteurs de
température (T4, T5) est inférieure à la première
quantité prédéterminée et que la différence en-
tre les sorties de température des deuxième et
troisième capteurs de température (T4, T5) ne
varie pas par plus de la deuxième quantité pré-
déterminée.

8. Ensemble de surveillance d’une percée de soufre
(6) selon la revendication 1, dans lequel :

ledit détecteur de percée de soufre (6b) com-
prend en outre un lit de catalyseur de désoxy-
dation (309) disposé en série avec ledit lit de
catalyseur de reformage (308) de telle sorte que
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le combustible soit d’abord acheminé à travers
ledit lit de catalyseur de désoxydation (309) puis
à travers ledit lit de catalyseur de reformage
(308), et
ledit premier capteur de température (T4) est
adapté pour détecter une température dudit
combustible dans ledit lit de catalyseur de dé-
soxydation (309).

9. Ensemble de surveillance d’une percée de soufre
(6) selon la revendication 1, dans lequel :

ledit réchauffeur (6a) comporte au moins un troi-
sième capteur de température (T1, T2) ; et
ledit contrôleur (501) comporte :

un premier contrôleur de température (TC-
1) destiné à recevoir une sortie de tempé-
rature dudit au moins un troisième capteur
de température (T1, T2) dans ledit réchauf-
feur (6a) et produire une première sortie de
variable de commande,
un second contrôleur de température (TC-
2) destiné à recevoir une sortie de tempé-
rature depuis ledit premier capteur de tem-
pérature (T3) et produire une seconde sor-
tie de variable de commande, et
un sélecteur de sortie basse (209) destiné
à recevoir lesdites première et seconde sor-
ties de variable de commande et à sélec-
tionner une plus basse desdites première
et seconde sorties de variable de comman-
de, et ledit contrôleur (501) est adapté pour
commander ledit réchauffeur (6a) sur la ba-
se de la sortie la plus basse sélectionnée
desdites première et seconde sorties de va-
riable de commande.

10. Ensemble de surveillance d’une percée de soufre
(6) selon la revendication 1, dans lequel le détecteur
de percée de soufre (6b) comporte un boîtier (207)
de forme cylindrique, dans lequel une hauteur du
boîtier (207) est supérieure à un diamètre du boîtier
(207).

11. Ensemble de surveillance d’une percée de soufre
(6), selon la revendication 10, dans lequel le contrô-
leur (501) est adapté en outre pour réguler un flux
de combustible à travers ledit détecteur de percée
de soufre (6b) de telle sorte que la vitesse spatiale
dudit combustible à travers ledit lit de catalyseur de
reformage (208) soit comprise entre 30 000/h et 120
000/h et la vitesse superficielle dudit combustible à
travers ledit lit de catalyseur de reformage (208) soit
comprise entre 7 et 60 cm/s.

12. Procédé de détection de composants à teneur en
soufre dans un combustible désulfuré destiné à être

utilisé dans un système d’utilisation de combustible
(1), le procédé comprenant les étapes suivantes :

le réchauffage d’un combustible désulfuré à une
température prédéterminée au moyen d’un ré-
chauffeur (6a), ladite température prédétermi-
née étant comprise entre 450 °C et 600 °C ;
la réception d’un combustible réchauffé à ladite
étape de réchauffage dans un lit de catalyseur
de reformage (208) et le reformage dudit com-
bustible chauffé dans le lit de catalyseur de re-
formage (208) ;
la détection d’une première température dudit
combustible réchauffé avant que ledit combus-
tible soit reçu dans ledit lit de catalyseur de re-
formage (208) ;
la détection d’une deuxième température dans
ledit lit de catalyseur de reformage (208) ; et
au niveau d’un contrôleur (501),

la réception de sorties de température de-
puis les premier et deuxième capteurs de
température (T3, T4),
la détermination d’une pluralité de différen-
ces entre une sortie de température du pre-
mier capteur de température (T3) et une
sortie de température du deuxième capteur
de température (T4) dans le temps,
la détermination d’un taux de diminution des
différences entre la sortie de température
du premier capteur de température (T3) et
la sortie de température du deuxième cap-
teur de température (T4), et
la détermination qu’une concentration des
composants à teneur en soufre dans le
combustible dépasse une première con-
centration prédéterminée si le taux de dimi-
nution des différences déterminé est égal
ou supérieur à un premier taux déterminé.

13. Procédé de détection de composants à teneur en
soufre selon la revendication 12, comprenant en
outre le déclenchement d’une alarme quand le con-
trôleur (501) détermine que la concentration desdits
composants à teneur en soufre dans le combustible
dépasse la première concentration prédéterminée.

14. Procédé de détection de composants à teneur en
soufre selon la revendication 12, comprenant en
outre la commande du système d’utilisation de com-
bustible (1) pour réaliser une ou plusieurs actions
quand le contrôleur (501) détermine que la concen-
tration des composants à teneur en soufre dans le
combustible dépasse la première concentration pré-
déterminée, lesdites une ou plusieurs actions pré-
déterminées comportant une ou plusieurs des ac-
tions suivantes :
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régulation d’un flux de combustible vers un ou
plusieurs composants dudit système d’utilisa-
tion de combustible (1) pour réduire ou inhiber
ledit flux de combustible,
régulation d’un flux de combustible vers ledit
système d’utilisation de combustible (1) pour ré-
duire ou inhiber ledit flux de combustible,
commande d’un ensemble désulfuriseur dudit
système d’utilisation de combustible (1) pour re-
diriger un flux de combustible à désulfurer d’un
désulfuriseur en service vers un autre désulfu-
riseur dudit ensemble désulfuriseur,
commande audit ensemble désulfuriseur dudit
système d’utilisation de combustible (1) de ré-
générer ou remplacer le désulfuriseur en servi-
ce, et
commande audit système d’utilisation de com-
bustible (1) de commuter d’une alimentation de
combustible en service à une autre alimentation
de combustible.

15. Procédé de détection de composants à teneur en
soufre selon la revendication 13 ou 14, dans lequel :

quand ledit contrôleur (501) détermine que la
concentration desdits composants à teneur en
soufre dans le combustible dépasse la première
concentration prédéterminée, sur la base de
sorties de température desdits premier et
deuxième capteurs de température (T3, T4), le-
dit contrôleur (501) détermine que la concentra-
tion desdits composants à teneur en soufre dans
le combustible dépasse ou non une seconde
concentration prédéterminée, supérieure à ladi-
te première concentration prédéterminée, selon
que la différence entre des sorties de tempéra-
ture desdits premier et deuxième capteurs de
température (T3, T4) diminue ou non à un se-
cond taux prédéterminé supérieur audit premier
taux prédéterminé, et
quand ledit contrôleur (501) détermine que la-
dite concentration desdits composants à teneur
en soufre dans le combustible dépasse ladite
seconde concentration prédéterminée, ledit
contrôleur (501) déclenche une alarme échelon-
née et réalise une ou plusieurs actions échelon-
nées prédéterminées, lesdites actions échelon-
nées prédéterminées comprenant une ou plu-
sieurs des actions suivantes :

régulation d’un flux de combustible vers un
ou plusieurs composants dudit système
d’utilisation de combustible (1) pour inhiber
ledit flux de combustible, et
régulation d’un flux de combustible vers le-
dit système d’utilisation de combustible (1)
pour inhiber ledit flux de combustible et ces-
ser le fonctionnement dudit système d’utili-

sation de combustible (1).
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